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l. Introduction

The passage of the Food Quality Protection Act (FQPA) in August 1996 imposed upon
the Office of Pesticide Programs (OPP) the requirement to develop methodology to
evaluate the risk from exposure to more than one pesticide acting through a common
mechanism of toxicity. The exposures of concern were to include all relevant routes
and sources based upon the use patterns of the pesticides in question. This multi-
chemical, multi-pathway risk is referred to as cumulative risk.

In September 1999 and December 1999, OPP presented guidance documents and
early case studies to the Scientific Advisory Panel (SAP) for discussion of the hazard
and exposure aspects of cumulative risk, respectively. At those meetings, the SAP
requested that OPP develop more complex case studies to better demonstrate the
concepts in the guidance, and present those to the Panel when they were completed.
To this end, a hazard evaluation of 24 organophosphate pesticides (OPs) was
presented to the SAP in September 2000. This paper continues the development of
the cumulative risk assessment, building the exposure assessment on the hazard
presentation in September. Its focus is on the appropriate use of available data and
the limitations imposed upon the assessment process by the available data. This
analysis explores the impact of different points of departure (NOAEL vs ED10) on the
interpretation of the risk results. In addition, the implications of the handling of non-
detectable residues is discussed. Finally, no consideration was given to the application
of a child-specific or other safety factors.

Ultimately, OPP must develop an assessment consider all of the OPs. This case study
presents a possible method for combining a number of data sets including the
incorporation of data use policies and science-based assumptions to permit evaluation
of potential risk to 24 OPs that act by a common mechanism of toxicity. It is presented
to help elicit and focus discussion and, as such, is not intended necessarily to reflect
any final regulatory judgements or future regulatory decisions. Future regulatory
actions may not reflect this exact combination of data use conventions.



Il. Background

This case study continues the evaluation of the cumulative risk from 24 OPs. These
OPs were selected based upon the occurrence of levels of each pesticide above the
limit of detection in the USDA's Pesticide Data Program (PDP). Pesticides for which no
detectable residues were identified were not included in the assessment. This
approach and a number of other decisions regarding the use of data in this case study
were designed to reduce the amount of uncertainty in the assessment and rely to the
extent possible on data collected in a manner reflective of likely exposure to the
population. OPP believes that this approach is reasonable given the goals and
purpose of the cumulative risk assessment. The cumulative assessment is intended to
serve as a pointer toward major sources of risk likely to accrue due to the use of a
variety of pesticides with a common mechanism of toxicity, with regulatory decision
making based upon the many detailed aspects of the single-chemical, aggregate risk
assessment. Because of the coalescing of many data sets into a single assessment,
reducing the likelihood of compounding conservative assumptions and over-estimation
bias becomes very important in constructing the cumulative risk assessment. As a
result, OPP has chosen to work with those data which most closely reflect likely
exposures and not to incorporate those data which are inherently conservative by their
nature.

Bearing in mind the comments above, the following overarching decisions were made
regarding the scope of the assessment:

. Only those foods monitored by PDP and those foods for which PDP data could
reasonably serve as surrogate were included. No attempt was made to adapt
field trial data for use in the assessment because the field trial samples reflect
highest label rates, shortest allowable pre-harvest interval and are taken at the
farm gate. PDP implicitly reflects actual application rates, time in the chain of
commerce, proportion of the crop imported and proportion of the crop treated. In
addition, PDP was specifically designed to monitor foods disproportionately
consumed by children.

. The cumulative assessment consists of the food contribution of each of the 24
OPs as they occur in PDP. The residential component of the assessment
reflects crack and crevice, lawn, and rose uses for seven of the 24 OPs. These
uses are common to the geographic area of consideration. The contribution to
exposure from water was limited to those OPs for which a sufficient body of
monitoring data from the United States Geological Survey (USGS) National
Water Quality Assessment program were available to permit chemical specific
modeling of the relationship of OPs to use in the area.



The geographic scale was limited to reflect a coherent area likely to have
common pesticide use patterns based upon pest pressure and climate. This
limitation is important in that OPP is assuming that potential water residues
within this area reflect a constant pattern of use both in the urban and
agricultural setting. Similarly, OPP is assuming that this geographic area is
sufficiently restricted such that residential uses of pesticides will reflect common
pest pressure with similar climatic conditions such that the outcome of the
assessment should be relevant across the entire area.

With respect to drinking water, the extent to which the pesticides of interest co-
occurred in drinking water sources is not known. The analyses conducted here
used the sum (accounting for the Relative Potency Factor) of the estimated
concentrations for each pesticide to produce an estimated total concentrations.
If the pesticides tend to be used at different times or be used in different places,
this is likely to be a conservative estimate.

Since longitudinal estimates (i.e., a time series of daily water concentrations at a
given site) of pesticide concentrations in water are not available, it was assumed
that all individuals are exposed to a population weighted 95th percentile
concentration in drinking water. That is, it was assumed that the upper end
concentration in drinking water predicted by the regression model for each
drinking water system was repeated every day throughout the year. This, too, is
a conservative assumption and is likely to significantly overstate exposures
through drinking water.

The assessment reflects a 365-day series of single-day distributions of
exposures, using a calendar-based approach to look for patterns of exposure
that are seasonal in nature. Each aspect of the assessment -- food, water and
residential -- was conducted separately as well as in an integrated cumulative
assessment.

Two age-groups were evaluated to consider the impact of behavior on
exposure. They were Children 1-3 years of age, reflecting a high rate of contact
with the floor and ground, and Adults, 18+ years, reflecting homeowners who
may apply pesticides in a residential setting as well as other occupants.

The relative potency factor (RPF) approach outlined in the September 27, 2000
SAP document entitled Endpoint Selection and Determination of Relative
Potency in Cumulative Hazard and Dose-Response Assessment: A Pilot Study of
Organophosphorus Pesticide Chemicals was used in this assessment. The
RPFs from that document are reflected in this case study. They were based
upon comparison of inhibition of plasma cholinesterase in male rats following a
multi-day exposure. Careful attention was paid to ensure that inhibition had
stabilized in the studies used for developing the RPFs.



The index compound used in the September 2000 hazard assessment was
retained for this case study. The points of departure (PoDs) used in this study
were taken from the index chemical and are route specific. For the purposes of
this case study, oral exposures were compared to two PoDs: an ED,, of 0.175
mg/kg/day and a NOAEL of 0.02 mg/kg/day. The dermal and inhalation
exposures were compared to NOAELs of 1 mg/kg/day and 0.026 mg/kg/day for
dermal and inhalation exposures, respectively. Data for the latter two routes
were not considered sufficient to be used for estimating an effective dose. All of
the endpoints reflect plasma cholinesterase inhibition in male rats. They are
taken from the body of data used to generate the RPFs.

The assessment was compiled using the Calendex software. This software
package and its component, DEEM, have been the subject of previous SAP
discussions.



1. Methods for Developing a Time Weighted Cumulative Risk Assessment

OPP has defined the parameters that should be considered in estimating the
cumulative exposure to a group of pesticides. As defined in FQPA, only those
pesticides that induce adverse effects by a common mechanism of toxicity must be
considered together. Guidance on determining whether two or more chemicals have a
common mechanism of toxicity was published by EPA in 1999. The reader is referred
to the Guidance for Identifying Pesticide Chemicals and Other Substances that Have a
Common Mechanism of Toxicity (1/29/99). Further discussion on considerations for the
hazard portion of the assessment were set forth in the Proposed Guidance on Cumulative
Risk Assessment of Pesticide Chemicals That Have a Common Mechanism of Toxicity 6/22/00
Science Policy Paper Public Comment Draft released for public comment in June 2000.
The application of the principles set out in the Proposed Guidance on Cumulative Risk
Assessment of Pesticide Chemicals That Have a Common Mechanism of Toxicity (6/22/00) is
demonstrated in a hazard assessment case study presented to the Scientific Advisory
Panel on September 27, 2000 entitled Endpoint Selection and Determination of
Relative Potency in Cumulative Hazard and Dose-Response Assessment: A Pilot Study
of Organophosphorus Pesticide Chemicals. Relative Potency Factors used in this
case study are those developed for the September 27 presentation.

The Proposed Guidance on Cumulative Risk Assessment of Pesticide Chemicals That Have a
Common Mechanism of Toxicity (6/22/00) and its precursor paper Guidance for Performing
Aggregate Exposure and Risk Assessments (10/29/99) also describe those aspects of the
exposure assessment that must be accounted for in developing an integrated
cumulative risk assessment. The assessment must account for temporal aspects of
exposure such as those related to the time of year during which applications resulting
in exposures are likely to occur, the frequency of application and period of re-
application. To perform this case study, OPP has used the Calendex model. Calendex
is a proprietary software package licensed from Novigen Sciences, Inc. The Calendex
model and its component DEEM have been the subject of review at two previous SAP
meetings. The reader is directed to the materials provided from those SAP meetings
for a detailed description of the Calendex and DEEM models.

As used in this example, it employs the approach of estimating sequential daily
exposures, with a series of user defined variables available to define the temporal
component of the exposure assessment. For each day's exposure estimate, a
distribution of exposures is generated, permitting determination of the distribution of
exposures across time on a percentile basis. This approach is demonstrated in the
case study below. Demographics for each individual whose exposure is modeled by
Calendex are taken from the Continuing Survey of Food Intakes by Individuals (1994-
1996)(CSFIl). Based upon knowledge of the use pattern for pesticides in specific use
scenarios, the risk assessor can define the period of the year during which a pesticide
will be used for a given pest pressure. In addition, the risk assessor can indicate that
during the months or weeks of the use period, the pesticide will be assumed to be
reapplied weekly. A period of decline can be incorporated for dissipation of the
exposure following application. Several scenarios can be included in the same
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assessment. The residential assessment below demonstrates this approach. Similar
limitations can be placed on the introduction of water data into the assessment if
adequate data are available to estimate seasonal variation.

Other important factors in developing an integrated cumulative assessment are an
understanding of the application rates and methods as they impact the residues likely
to result. The types of residue data most useful in estimating exposure are those that
result from direct measurement of the medium of concern, that is, food, water or
surfaces and air in the residence. This is particularly true if the measurements are
made in such a manner that they reflect real world concentrations, the changing
patterns of residue levels as they relate to differences in location and time, and the
likelihood of the co-occurrence of multiple pesticides. OPP depends upon the PDP
monitoring data for measurements of residues of pesticides on foods close to the point
of consumption, and for direct indication of co-occurrence in sampled foods. OPP also
anticipates the receipt of market basket data for OP residues. However, for most
classes of pesticides, the available data will not be as extensive as currently exists for
OPs. In particular, measurement of co-occurrence may not be available. OPP is
considering implementation of estimation methods assuming that residues from
different pesticides are independent and weighting their occurrence based upon
frequency of use for a given crop.

Barring access to detailed monitoring data, OPP depends upon the use of data driven
modeling approaches to estimate the magnitude of residues resulting from a variety of
use patterns. Models currently are used for both drinking water and residential
assessments. The success of modeling approaches is largely driven by availability of
data to support development of highly refined predictive models. In the case study
presented, sufficient monitoring data was available to permit USGS to develop
chemical specific regression models relating pesticide concentrations in surface water
to the use of pesticides in the region. In the discussion of the water portion of the case
study below, a less definitive alternative currently under consideration by OPP is also
presented. This approach may be used for chemicals with lesser amounts of available
monitoring data. For residential exposures, OPP depends largely upon modeled
estimates of exposure based upon widely accepted relationships between pesticide
residues, use rates and human behavior patterns. The Calendex model permits the
introduction data inputs as distributions as an alternative to point estimates used in the
past.

The case study is presented with a focus on each of the major pathways including a
discussion of assumptions, data inputs and inter-relationships of data. Each pathway
has unique issues relating to availability of data, scale and interpretation of results.
Results of each aspect of the assessment are discussed with particular attention to how
they reflect potential exposures to the population and what might be inferred with
regard to the greatest sources of risk resulting from the exposures. The final section of
the document examines the results of combining estimates of risk from all sources of
exposure and discusses further the interpretation of the outputs with regard to potential
to identify the most significant sources of risk.
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V. Cumulative Risk From Pesticides in Foods

The exposure assumptions for these assessments, which are described in the following
discussion, differ in many ways from those commonly used by the Agency in estimating
dietary risk for single chemicals. The input assumptions used in this example preserve
few of the conservative assumptions commonly encountered in dietary assessments.
These assessments are intended as a conceptual basis for deliberations and are not to
be interpreted as representing the Agency’s recommended procedure for conducting
cumulative assessments or as demonstrating a dietary risk assessment intended for
regulatory purposes.

A. Method of Estimation of Cumulative Dietary Risk

Dietary exposure was estimated using the Dietary Exposure Evaluation Model
(DEEM™) software. A joint distributional analysis was conducted by combining
representative data on concentrations of 24 organophosphorus pesticides on
foods with distributions of anticipated consumption of these foods by different
segments of the U.S. population. The primary advantage of a joint distribution
analysis is that the results are in the form of a simultaneous analysis (i.e., a
distribution) of exposures that demonstrate both best-case and worst-case
scenarios of exposure. The typical level of regulation for single chemical
dietary exposures has been at the 99.9th percentile of exposure.

B. Selection of Oral Relative Potency Factors and Points of Departure

Twenty-four chemicals were included in this organophosphorus cumulative
assessment group. These chemicals were selected based on their occurrence
in the PDP monitoring data collected between the years 1994 and 1999. A
process for hazard assessment of the organophosphorus cumulative
assessment group was described at the September 2000 meeting of the FIFRA
Scientific Advisory Panel in a session entitled End Point Selection and
Determination of Relative Potency in Cumulative Hazard Assessment: A Pilot
Study of Organophosphorus Pesticide Chemicals. Table 4-1 lists the estimated
relative potency factors for these 24 organophosphorus pesticides, A through Y
(please note that although we refer to the group as Chemicals A through Y, there
is no chemical K in the group) . These factors were chosen by comparison of
dose response curves for plasma cholinesterase inhibition by the 24 chemicals
in male rats. The dose response curves were transformed to approximate linear
forms and compared at their ED,,. Chemical T was selected as an Index
Chemical (RPF=1) and the RPFs for the other 23 chemicals were estimated as;

RPF[chemicaI n] = EDSO[chemicaI T]/EDSO[chemicaI n]

Where chemical n is a member of the cumulative assessment group.



Two points of departure were selected for use in this case study: the ED10 =
0.175 mg/kg body wt/day and the NOAEL = 0.02 mg/kg body wt/day for the
inhibition of plasma cholinesterase in male rats by Chemical T.

C. Dietary (Food) Residue Input Data for Dietary Risk Assessment

Anticipated concentrations of Chemicals A through Y in foods were based on
residue monitoring data collected by the PDP. These data are available for
downloading from the PDP internet site (http://www.ams.usda.gov/science/pdp/).
For this case study we used data collected from 1994 through 1999. The
selection of commodities and chemicals analyzed by PDP varies from one year
to the next but most of the organophosphorus pesticides of concern were
analyzed throughout this period and the foods selected for analysis generally
reflect high consumption items for children.

The analyses of the 24 OPs on 44 food commodities between 1994 and 1999
are summarized in Table 4-2. The data are summarized by parent OP although
in some cases multiple metabolites were included in the database. The 44 food
forms in the PDP data were used as the source of residue data for their
matching food forms in the DEEM software (CSFIl consumption data). Food
processing factors were applied to specific chemical/commodity pairs to extend
these data to a total of 319 DEEM food forms. Table 4-3 shows all of the food
forms for commodities monitored by PDP included in the food exposure
assessment along with chemical specific processing factors to convert these
residue values to food forms not included in PDP. The factors are intended to
adjust residues in foods for changes that can occur in food preparation
procedures such as cooking, canning, curing, and drying. The processing
factors in Table 4-3 were taken from the most recent single-chemical dietary risk
assessments, which are available on the Agency internet site
(http://www.epa.gov/pesticides/op/status.htm). The absence of a processing
factor in Table 4-3 indicates that no residues were detected in that chemical/food
form combination.

Processing factors are based on the submitted processing studies, published
data, or logical calculations in the absence of submitted studies (e.g., estimates
based on loss of water in drying fruits). Consequently, in some instances there
were rather large ranges for factors of certain food forms of some commodities
among the 24 OPs.

An additional 73 food forms were implicit in the exposure assessment as making
a negligible contribution because there were no detects in PDP monitoring data.
This included food forms of banana, sweet corn, corn syrup, and milk.

For single chemical assessments, OPP commonly extends the use of pesticide

residue data from one commaodity to represent another commodity if pesticide
uses and cultural practices are sufficiently similar. This practice, referred to as
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data surrogation, is outlined in HED SOP 99.3. Table 4-5 summarizes the
surrogation scheme. Based on the scheme in Table 4-5 the available PDP data
were extended to an additional 172 food forms.

D. Manipulation of Residue Data for Exposure Assessment

Commonly, the following two equations are used for estimating exposure and
risk from a single chemical:

1) Exposure = Residue X Consumption
2) Risk = Hazard X Exposure

In the case of cumulative exposure assessment, the residue term in the first
equation is changed to Index Equivalent Residue, and the hazard end point in
the second equation is based on the index chemical.

The calculated cumulative residue is a simple arithmetic addition of residues of
different chemicals that have different toxicities (potency) and therefore simple
addition of their residues is not appropriate. For that reason, the amount of
residue of each chemical is adjusted by multiplying by a Relative Potency
Factor (RPF) to get the equivalent residue of an index chemical. This new
calculated residue is termed Index Equivalent Residue (Residue) and the
exposure value resulting from combining Residue,. and consumption is termed
Index Equivalent Exposure (Exposure). The new central equation for
exposure will then become:

Exposure = Residue X Consumption

and in the risk equation (second equation) the toxic end point of the index
chemical is going to be used. The following discussion explains in more detalil
how this was accomplished for this case study.

1. Generation of Cumulative Equivalent Residue (Residue)

To determine a given one-day cumulative oral exposure to the 24 OPs,
first an Index Equivalent Residue for each residue value is calculated.
Each residue value (ideally, there are at least 24 or more values coming
from each PDP sample), is multiplied by the processing factor (PF) for
that chemical and the Relative Potency Factor for the same chemical
(RPF) to express it as an Index Equivalent residue for that chemical; this
is step 1.



Step 1: Residue (per chemical n) = Residue X PF, X RPF,

The cumulative Residue for all 24 chemicals on one PDP sample will
then be the sum of all the Residue for all the chemicals on that sample;
this is step 2.

Step 2: Cumulative Residueg = S Residue (per PDP sample)

For example, given 100 samples of apples and 24 OPs, there will be
generated 24 Residue values for each sample; hence a total of 100 * 24
= 2400 Residue values from step 1. In step 2, each set of 24 Residue
for a sample is summed to generate a cumulative Residuez per one
sample; hence 100 cumulative Residue points for 100 samples of apples
are generated.

By summing on a sample-by-sample basis, the potential for capturing any
co-occurrence on the same commodity is enhanced. See Table 4-4 for a

summary of the actual reporting of co-occurrence of OPs in the data used
in this assessment

a. Relational Database

The data manipulations necessary to prepare the PDP residue
data for input into the risk equation are in principle very simple;
however, the task of performing these calculations for 24 chemicals
and 44 commodities is problematic. The residue data used in this
case study consist of over one million records of analytical data
and sample information. The processing factors account for
several thousand additional records of information. For this
reason, and in anticipation of the need to make multiple uses of the
data and keep track of them, all the data manipulation were
conducted using relational database techniques. This database
consists of four major data tables:

1 Residue data table; over one million records containing
essentially all of PDP sample and analyses data for
organophosphorus pesticides.

2 Processing factor data table; containing all relevant
processing factors for specific food form/chemical
combinations. (Table 4-3 in this document is extracted from
these data).

3 RPF Table; containing the relative potency factors for all
chemicals of interest.

10



4 Code-Bridging Table; providing bridging links between PDP
commodity codes, such as AP for apple products, and all
corresponding DEEM food forms, such as Apples-uncooked.

These four tables are linked through common fields, such as
pesticide codes, or commodity codes. With modern relational
database design, it is relatively simple to design queries so that all
the pertinent PDP samples records can be extracted, each
calculation outlined above can be performed, and the results can
be sorted and output in various formats for further analysis. For
this assessment the final output consisted of 243 separate text files
formatted for input into DEEM. Each text file contained a header
with sample information (number of values, number of detects,
number of zeros, average of residues) and all of the cumulative
residue values for a single food form, sorted in descending order.
An additional 76 residue distrbutions were estimated as single
average values for those foods that are highly blended before
consumption.

By maintaining the factors and bridging codes in separate tables in
the database, it is relatively easy to repeat the above process with
new inputs by simply replacing or adding data to the appropriate
table. Specific chemicals, commodities, or combinations can also
be excluded conveniently with this database.

b. Generation of Exposures

The cumulative Residue values (text files described in the
previous section) are treated as distributions of representative
residues and linked to all appropriate food forms; cumulative
residue values are then randomly picked and combined with a
consumption record to generate a single exposure value which is
termed Exposure. This process (semi-Monte Carlo in nature and
conducted by DEEM software) is repeated many times per each
consumption record for each individual to generate a distribution of
exposure values. This process has been described in previous
meeting of the panel (Dietary Exposure Evaluation Model (DEEM™)
and DEEM™ Decompositing Procedure and Software). For the food
forms, which are highly blended before consumption, the residue
input consisted of the average of all the cumulative residues, i.e., a
single average residue value was entered into the DEEM
calculation. The risk for a population group of choice is estimated
by choosing an exposure value from the generated exposure
distribution for that population and dividing the value by the
toxicological end point of the index chemical.
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C.

Assumptions

The input residue data were solely drawn from PDP data base.
The PDP program tests different commodities for various
pesticides in 10 states throughout U.S. The residue data of 1994
to 1999 were used in this assessment. Following assumptions
were made in the process:

1)

2)

3)

Although PDP has been conducting single-unit sampling for
limited crops (apples and pears) since 1998, only the
residue data from composite samples were utilized in this
assessment for the sake of simplicity. A single composite
sample may contain several individual servings of some
foods; it is implicitly assumed that all these single servings
in a composite sample have residues no more or less than
the composite residue (average value). For purposes of the
present example, it is assumed that residues reported on
composite homogenates adequately reflect the residues in
any given single serving contained in that homogenate.
Therefore, no attempt was made to “decomposite” residue
values to simulate residues that might be present in the
single servings contained in the PDP composite sample.

Although PDP uses multi-residue methods to simultaneously
analyze various pesticides on a crop sample, occasionally,
for various reasons, there are no entries for some pesticides
on some samples. In such instances, it was assumed that
those pesticides with no entries had zero residues.

All residue analyses are subject to the limitations of the
sensitivity of the analytical methods. Many of the samples
analyzed are reported as being below the limit of reliable
detection of the analytical method. It is usual practice in
Agency assessments to assume that residues in non-
detectable samples are present at ¥ the limit of detection
(LOD) of the analytical method in samples that were
potentially harvested from treated fields. Thus, for
purposes of estimating residues in samples reported as
<LOD, a proportion of the samples equal to the estimated
percent crop treated is assigned a residue level of %2 LOD
and the remaining samples, which are assumed to come
from untreated crops, are assigned a residue value of zero.
This procedure becomes problematic for a cumulative
assessment. It is not enough to simply estimate the percent
crop treated for each of the pesticides in the cumulative
assessment; it is also important to consider the potential for
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4)

5)

6)

co-occurrence of residues of multiple residues on the same
crop. A strength of the present example is that it accounts
for co-occurrences in single samples if they are detectable.
In order to assess the impact of incorporating % the LOD for
non-detects in the current assessment, the food portion of
the assessment was conducted using the two extreme
default assumptions: all non-detects = 0, and all non-detects
=1 LOD for the chemical with the greatest number of
detectable residue findings. The most prevalent detected
chemical was chosen because it is reasonable to assume
that chemical would also have the greatest number of
residues below the limit of detection. The database utility
being used in this analysis allows one to quickly select
individual residue values that DEEM shows to be
contributing to high exposure and examine them for
chemical specific contributions to the exposure.

The sample-by-sample method of summing of residues
relied on the PDP sampling procedures to adequately
capture the temporal and geographic variations in uses of
pesticides. This procedure assumed that the PDP sampling
protocols were designed in such a way as to reflect the
foods available to the public for consumption in different
regions of the country and throughout the year.

This assessment is using residue data collected over a six
year period, 1994 through 1999. The primary reason for this
is to maximize the number of food commodities in the
assessment but this raises issues of lack of co-occurrence.
Co-occurrence in the food is important from the standpoint
of all the food consumed in the same time period. It is not
readily obvious if it is appropriate to model exposure based
on bananas grown in 1994 and apples grown in 1998. A
related choice in selection of residue data was to include all
available data for a given commodity from this time period.
This includes data sets that span a time period of at least
one year to 4 years data. Future assessments could readily
restrict these data to the most recent one or two years.

In chemical specific dietary exposure assessments the
Agency routinely translates residue data from one food
commodity to related ones if the pesticide use patterns are
similar on these commodities (HED SOP 99.3, Margaret
Stasikowski, 3/26/99). For example, data on cantaloupes is
often used as surrogate data for watermelons and other
melons. For a cumulative assessment, in which a grower
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has a choice of several chemicals from the cumulative
assessment group, these translations of data become more
difficult to make. In the current case study, translations of
the residue data were made using the surrogation scheme in
HED SOP 99.3 in order to ensure representation of the
maximum number of commodities possible. The cross walk
between crops is presented in Table 4-5.

E. Food Consumption Data

Food consumption data were taken from the CSFII conducted by USDA between
1994 to 1996. These data were based on 2-day surveys collected from
households throughout the contiguous 48 states, and represents information
provided by 15,303 individuals of all ages. The food consumption data are
translated into ingredients within the DEEM™ software using a proprietary
ingredient translation database. In this example assessments were based on
the consumption patterns representative of children one to three years old, and
all adults above eighteen years old.

F. Estimation of Acute Expsoure Using DEEM™ Software

Residue distribution files, or average residue values for highly blended
commodities, were input in the DEEM™ software for a Monte Carlo analysis.

The Monte Carlo analysis was conducted by an iterative process of
multiplication of residue concentrations on foods, expressed in Chemical T
equivalents, by one-day consumption of these foods, as reported by all
individuals in CSFIl. This process used all individuals reporting in the
consumption survey for both days of the survey and the exposures were
calculated as mg/kg body wt./day.

The use of DEEM for dietary exposure analysis was briefly described in the
presentation of our previous dietary case study to the panel in December of
1999. The functioning of the program has also been described in a previous
SAP presentation (Dietary Exposure Evaluation Model (DEEM™) and DEEM™
Decompositing Procedure and Software). Two PoDs of 0.175 mg/kg/day and 0.02
mg/kg/day were used and 1000 iterations of the algorithm were run.

G. Results

Tables 4-6 and 4-7 summarize the results of a dietary exposure assessment for
24 Chemicals on food commodities. Results are presented for two age groups:
Adults, 18+ years, and children, 1 to 3 years. The summary results are provided
for three points in the distribution of exposures estimated, i.e., at the 95™
percentile, 99" percentile, and 99.9th percentile of exposure. These exposure
values are expressed in terms of Chemical T equivalents and any evaluation of
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the risk from these levels of exposure should be compared to the PoD for
Chemical T. Insertion of the %2 LOD values in place of zeroes resulted in little
change in exposures at the higher percentiles. However, exposures were
increased at the lower percentiles of exposure. This observation suggests that
the impact of the assumption of %2 LOD as used in single chemical assessments
will not be necessary for cumulative assessments because the upper portion of
the exposure distribution at which regulatory decisions are made are largely
unaffected by their inclusion. Further investigation of exposure reduction
scenarios are being conducted.

H. Summary

The cumulative dietary risk due to the use of 24 Organophosphorus Chemicals
on food crops was assessed using residue monitoring data collected by PDP.
The ED10 and NOAEL for plasma cholinesterase inhibition in rats were chosen
as the Toxicological Points of Departure (PoD) for this assessment. Chemical T
served as the index chemical. The residue values for the other 23 chemicals
were converted to Chemical T equivalents by a Relative Potency Factor
(RPF=ED50y4ex chemical/ ED5O0chemical ) @PProach. Residue data were collected on
approximately 44 food commodities monitored by PDP between the years of
1994 and 1999. Food processing factors were applied to specific
chemical/commodity pairs to extend these data for use on a total of 319
food/food forms in the analysis. An additional 73 food forms were implicit in the
exposure assessment as making a negligible contribution because there were
no detects in PDP monitoring data. The PDP residue data were further
extended to other commodities identified as reasonable for surrogation of
pesticide residue data per HED SOP 99.3. A total of 564 food forms were thus
included in this case study.

The residue data were compiled as distributions of cumulative residues
of Chemical T equivalents that were, after adjustment for processing, summed
on a sample-by-sample basis. These residue distributions were combined with a
distribution of daily food consumption values via a probabilistic procedure to
produce a distribution of potential exposures for two subpopulations in the CSFII
(children, 1 to 3 years of age, and adults, 18+ years). The results of this
assessment are shown in Table 4-6 with all non-detects included as zero values.
A similar analysis was conducted with all non-detects replaced with %2 LOD
values (Table 4-7). The results of these analyses suggest that the treatment of
non-detects as zeroes is an appropriate simplification of the cumulative
assessment process.

Table 4-1. Relative Potency Factors for Exposure Assessment

Chemical Pseudonym Oral Inhalation Dermal
Chemical A 0.47
Chemical B 0.02 0.52 10
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Chemical C 0.01 0.09 0.0033
Chemical D 1.86
Chemical E 0.50 —
Chemical F 0.37
Chemical G 0.02
Chemical H 0.009
Chemical | 0.85 0.65 25
Chemical J 0.30
Chemical L 0.19
Chemical M 0.10
Chemical N 0.11
Chemical O 0.006
Chemical P 0.10 0.26 0.2
Chemical Q 0.01
Chemical R 0.08
Chemical S 0.70
Chemical T (Index Chemical) 1 1 1
Chemical U 0.0005 0.0002 0.2
Chemical V 0.02 0.08 0.067
Chemical W 0.61
Chemical X 0.19
Chemical Y 0.17
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Table 4-2. A summary of PDP Monitoring Data on Organophosphorus Pesticides,

1994-1999

Chemical A Chemical B Chemical C Chemical D
ICommodity |Analy |Dete [% [Analy [Dete % |Analy |Dete [% |Analy |Dete |%
Apple Juice  |1554 40| 2.6] 1553 0.0] 1554| 14| 0.9|1554 0.0
Apples 2289 0.0] 2289 0.0] 2288 1| 0.0j2091 0.0
|Bananas 1126 0.0f 1126 0.0f 1124 0.0[915 0.0
IBroccoli 630 3] 0.5] 630 0.0] 610 0.0/456 0.0
Cantaloupe 1234 65| 5.3| 1234 0.0] 1234 23| 1.9{1234 0.0
Carrots 1888 1| 0.1] 1888 0.0] 1888 5] 0.3|1646 1| 0.1
Celery 176 45|25.6] 176 0.0] 176| 73]41.5/53 0.0
Corn Syrup |47 0.0] 408 0.0 49 0.0/454 0.0
Cucumbers 730 95|13.0f 730 1| 0.1] 730 2| 0.3]730 0.0
Grape Juice 1377 0.0] 1377 0.0] 1378 0.0]1379 0.0
Grapes 1884 2| 0.1] 1884 1[ 0.1] 1884 2| 0.1{1684 0.0
Green Beans 1178 | 239[20.3] 1178 1] 0.1| 1178] 252|21.4|1021 0.0
Green Beans, |835 357142.8] 854 0.0] 840| 356|42.4{854 0.0
Green Beans, |715 283139.6| 743 0.0] 706] 293]|41.5(743 0.0
|Lettuce 876 55| 6.3] 876 0.0] 876| 117]13.4{690 0.0
IMilk 692 0.0] 1892 1| 0.1] 1892 0.0/692 0.0
Oats, Bran 45 0.0
Oats, Rolled 287 0.0
Orange Juice (1377 0.0] 1392 0.0] 1377 0.0]1392 0.0
Oranges 1892 0.0] 1892 0.0] 1892 0.0]1599 0.0
|Peaches 1087 1| 0.1] 1087 0.0] 1087 0.0]973 0.0
[Peaches, 756 7] 0.9] 756 0.0 754] 3] 0.4|756 0.0
|Pears 1779 2] 0.1] 1779 1] 0.1] 1779 1] 0.1]1779 0.0
[Pears, canned|371 0.0/ 371 0.0 371 0.0[371 0.0
[Potatoes 1401 19| 1.4| 1401 0.0] 1401 1] 0.1]1203 0.0
Soybean Grain{490 0.0
Spinach 1638 44| 2.7] 1638 0.0] 1638] 58| 3.5/1638 0.0
Spinach, 863 0.0] 863 0.0] 863 0.0/863 0.0
Spinach, 715 1] 0.1] 702 0.0] 715 3| 0.4|715 0.0
Strawberries 1250 3] 0.2] 1250 24| 1.9] 1250 2| 0.2{1250 0.0
Strawberries, |117 0.0] 118 1] 0.8] 118 0.0]118 0.0
Sweet Bell 704 254136.1] 701 0.0] 704| 180]25.6(701 0.0
Sweet Corn |19 0.0 19 0.0 19 0.0]19 0.0
Sweet Corn, [652 0.0] 652 0.0] 652 0.01627 0.0
Sweet Corn, (635 0.0] 635 0.0] 635 0.0/618 0.0
Sweet Peas |9 0.0 9 0.0 9 0.0]9 0.0
Sweet Peas, |746 0.0] 746 0.0] 746 0.0[720 0.0
Sweet Peas, |703 1/ 0.1] 703 0.0] 703 0.0/691 0.0
Sweet 1559 3] 0.2 1559 0.0] 1544 3] 0.2]1559 1| 0.1
Tomatoes 1965 | 543|27.6| 1977 0.0] 1962| 10| 0.5[{1962 0.0
[Tomatoes, 368 58|15.8] 368 0.0] 368 2| 0.5|368 0.0
W Squash 1216 28| 2.3 1216 0.0] 1216| 16| 1.3[1216 0.0
W Squash, 470 1| 0.2] 370 0.0] 470 1| 0.2|470 0.0
Wheat Grain 1333 0.0

Table 4-2 continued next page
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Table 4-2 continued

Chemical E Chemical F Chemical G | Chemical H
ICommodity |Analyze|Dete |% |Analyz|Dete |% |An |Dete [% |[An |Dete [%
Apple Juice 623 0.0] 1554 0.01627 0.0/239 0.0
Apples 406 0.0] 2289 0.0]155 5] 0.3[/468 0.0
IBananas 1126 0.0/530 0.0
IBroccoli 679 0.0[362 0.0
Cantaloupe 1198 0.0] 1234 0.0/409 0.0] 62 0.0
Carrots 9 0.0] 1888 0.01/802 0.0] 72 0.0
Celery 176 0.0{78 0.0
Corn Syrup 454 0.0]453 0.0]454 0.0
Cucumbers 730 3] 0.4 730 1{ 0.1{551 0.0
Grape Juice 1223 0.0] 1379 0.0l457 0.0/108 0.0
Grapes 27 0.0] 1884 2| 0.11945 0.0| 89 0.0
Green Beans 1178 0.0]503 0.0
Green Beans, 164 0.0 854 0.0]344 0.0]126 0.0
Green Beans, 138 0.0 743 0.0]302 0.0]117 0.0
|Lettuce 185 0.0 876 0.0397 0.0
IMilk 533 0.0] 1892 0.0/692 0.0/189 0.0
Oats, Bran 45 1] 2.9
Oats, Rolled 287 0.0
Orange Juice 671 0.0 1392 0.0{121 0.0{216 0.0
Oranges 18 0.0] 1892 0.0]143 0.0] 79 0.0
|Peaches 9 0.0] 1087 0.0/800 0.0] 52 0.0
[Peaches, 115 0.0 756 0.0]654 0.0/115 0.0
[Pears 1018 0.0] 1779 0.0/913 0.0]216 0.0
[Pears, canned 371 0.0] 371 0.0[191 0.0
[Potatoes 1401 0.0[805 0.0
Soybean Grain 749 2] 0.3
Spinach 99 0.0] 1638 0.0]130 0.0/160 0.0
Spinach, 549 0.0 863 0.0[749 0.0]135 0.0
Spinach, frozen 715 0.0 715 0.0{715 0.0{178 0.0
Strawberries 1097 0.0] 1250 0.0]125 0.01437 0.0
Strawberries, 116 0.0 118 0.0]118 0.0] 7 0.0
Sweet Bell 701 0.0 716 0.0/566 0.0|177 0.0
Sweet Corn 19 0.0]1 0.0
Sweet Corn, 652 0.0]439 0.0] 15 0.0
Sweet Corn, 635 0.0/428 0.0] 30 0.0
Sweet Peas 9 0.0
Sweet Peas, 746 0.0]456 0.0] 44 0.0
Sweet Peas, 703 0.0]450 0.0] 46 0.0
Sweet Potatoes 385 0.0] 1559 0.0]780 0.0]362 0.0
Tomatoes 1018 0.0] 1977 4] 0.2{136 0.0]332 0.0
Tomatoes, 368 0.0 368 0.0]287 0.0] 90 0.0
W Squash 680 0.0] 1216 0.0/507 0.0/110 0.0
W Squash, 286 0.0 470 0.0]125 0.0/106 0.0
Wheat Grain 1561 920{58.9

Table 4-2 continued next page
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Table 4-2 continued

Chemical | Chemical J Chemical L Chemical M

ICommodity |Analy |Dete [% [Analy [Dete % |Analy |Dete [% |Analy |Dete |%

Apple Juice 1554 0.0|1554 3] 0.2 160 0.0] 1554 81| 5.2
Apples 2289 1| 0.0]2289 | 128| 5.6] 379 0.0 2287{1150[50.3
IBananas 1126 0.0]1125 0.0 1126 0.0
IBroccoli 673 0.0/637 0.0 678 0.0
Cantaloupe 1234 0.0{1234 0.0 62 0.0 1234 0.0
Carrots 1888 1| 0.1]1888 8| 0.4 1888 0.0
Celery 176 0.0]176 1| 0.6 176 0.0
Corn Syrup 416 0.0]454 0.0 423 0.0
Cucumbers 730 0.0[730 0.0 730 0.0
Grape Juice 1379 0.0]1379 7] 0.5] 108 0.0] 1379 0.0
Grapes 1884 0.0]1884 16| 0.8 1884 36| 1.9
Green Beans | 1178 4| 0.3]1178 0.0 1177 8| 0.7
Green Beans, 854 5] 0.6]854 1] 0.1 63 0.0] 853 0.0
Green Beans, 743 16| 2.2|743 65| 8.7 45 0.0] 729 3| 0.4
|Lettuce 876 0.0|876 0.0 876 0.0
IMilk 1606 0.0/1366 0.0] 842 0.0] 1892 0.0
Oats, Bran 45 0.0]45 0.0 45 0.0
Oats, Rolled 287 0.0]287 0.0 287 0.0
Orange Juice | 1379 0.0]1392 0.0] 162 0.0] 1392 0.0
Oranges 1892 0.0]1892 1] 0.1 1892 2] 0.1
|Peaches 1087 0.0/1087 | 303|27.9 1087| 289|26.6
[Peaches, 756 0.0]756 0.0] 54 0.0l 754 1] 0.1
[Pears 1778 0.0]1779 | 121] 6.8 162 0.0] 1773]1039|58.6
[Pears, canned| 371 0.0[371 0.0 371 0.0
[Potatoes 1401] 3] 0.2[1401 0.0 1401 0.0
Soybean Grain| 748 1{ 0.1{748 0.0 748 0.0
Spinach 1638 2| 0.1]1637 1| 0.1 27 0.0] 1639 4] 0.2
Spinach, 863 0.0/863 0.0] 135 1| 0.7] 863 0.0
Spinach, 715 0.0]715 0.0] 178 0.0] 714 1] 0.1
Strawberries 1250 0.0{1250 3] 0.2] 352 0.0f 1250 2] 0.4
Strawberries, 118 0.0{118 0.0 3 0.0 118 2] 1.7
Sweet Bell 701 0.0|716 6| 0.8] 177 0.0] 716 6| 0.8
Sweet Corn 19 0.0]19 0.0 19 0.0
Sweet Corn, 652 0.0/652 0.0 652 0.0
Sweet Corn, 635 0.0|635 0.0 635 0.0
Sweet Peas 9 0.019 0.0 9 0.0
Sweet Peas, 746 0.0]746 0.0 746 0.0
Sweet Peas, 703 0.0]703 12| 1.7 703 0.0
Sweet 1559 0.0]1559 3] 0.2 132 0.0] 1559 0.0
Tomatoes 1962 1| 0.1]1962 1| 0.1] 251 0.0] 1960 31| 1.6
Tomatoes, 368 0.0/368 0.0 90 0.0] 368 2| 0.5
W Squash 1216 0.0|1216 0.0 82 0.0] 1216 0.0
W Squash, 470 0.0l470 0.0 80 0.0] 470 0.0
Wheat Grain 1563 10 0.101563 21 0.1 940 3] 0.3

Table 4-2 continued next page
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Table 4-2 continued

Chemical N Chemical O Chemical P Chemical Q
ICommodity |Analy |Dete [% [Analy [Dete % |Analy |Dete (% |Analy |Dete %
Apple Juice  |1554 1| 0.1] 1554 0.0] 1554 1| 0.1]|368 0.0
Apples 2289 9] 0.4 2289 0.0] 2288| 516|22.6(379 0.0
IBananas 1126 0.0] 1126 0.0] 1126 0.0
IBroccoli 679 0.0 679 0.0l 679 11] 1.6
Cantaloupe 1234 0.0] 1234 0.0] 1234| 19| 1.5|332 0.0
Carrots 1887 4] 0.2 1888 0.0] 1888| 15| 0.8
Celery 176 0.0] 176 0.0] 176 4] 2.3
Corn Syrup 454 0.0] 454 0.0] 454 0.0]408 0.0
Cucumbers |729 0.0] 730 0.0] 730 9] 1.2]180 0.0
Grape Juice 1379 1] 0.1] 1379 0.0] 1379 0.0]407 0.0
Grapes 1884 0.0] 1884 0.0] 1884| 162| 8.6
Green Beans [1178 0.0] 1178 1] 0.1] 1178 0.0
Green Beans, |854 0.0] 854 0.0] 854 0.0]132 0.0
Green Beans, |743 0.0] 743 0.0] 743 0.0]104 0.0
|Lettuce 876 0.0] 876 0.0] 876 1| 0.1
Milk 1892 0.0] 1890 0.0] 1890 0.0/844 0.0
Oats, Bran
Oats, Rolled
Orange Juice (1392 | 139(10.0f 1392| 15| 1.1| 1392 2] 0.1{327 0.0
Oranges 1892 33| 1.7] 1892 86| 4.5] 1892| 144 7.6
|Peaches 1087 0.0] 1087 0.0] 1087]| 130]12.0
[Peaches, 754 0.0] 756 0.0] 754 0.0[54 0.0
[Pears 1779 0.0] 1779] 6] 0.3] 1779] 35| 2.0]232 0.0
[Pears, canned|371 0.0] 371 0.0] 371 0.0
[Potatoes 1401 0.0] 1401 0.0] 1401] 1] 0.1
Soybean Grain 747| 182|24.4
Spinach 1639 0.0] 1639 0.0] 1639] 83| 5.1|27 0.0
Spinach, 863 0.0] 863 0.0] 863 0.0]299 0.0
Spinach, 715 0.0] 715 0.0] 715| 47| 6.6{353 0.0
Strawberries 1250 0.0] 1250 1] 0.1] 1250 12| 1.0]607 0.0
Strawberries, 118 1] 0.8] 118 0.0] 118 0.0]55 0.0
Sweet Bell 701 21] 3.0 716 0.0] 716| 105]14.7(506 0.0
Sweet Corn |19 0.0 19 0.0 19 0.0
Sweet Corn, [652 0.0] 652 0.0] 652 0.0
Sweet Corn, (635 0.0] 635 0.0] 635 0.0
Sweet Peas |9 0.0 9 0.0 9 0.0
Sweet Peas, |746 0.0] 746 0.0] 746 0.0
Sweet Peas, [703 0.0] 703 0.0] 703 1] 0.1
Sweet 1547 2| 0.1] 1559 0.0] 1559| 163]10.5(272 0.0
[Tomatoes 1962 8| 0.4] 1962 0.0] 1962| 261]13.3|787 0.0
Tomatoes, 368 0.0] 368 0.0] 368 6| 1.6/261 0.0
W Squash 1216 3] 0.2] 1216 0.0] 1216 6| 0.5]232 0.0
W Squash, 470 6| 1.3] 470 0.0] 470 4] 0.9{198 1| 0.5
Wheat Grain 1563 206]13.21623 23| 3.7

Table 4-2 continued next page
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Table 4-2 continued

Chemical R Chemical S Chemical T Chemical U

ICommodity |Analy |Dete [% [Analy [Dete % |Analy |Dete [% |Analy |Dete |%

Apple Juice 1554| 324]20.8] 1344 0.0]1554 0.0] 1554 1| 0.1
Apples 2289| 136] 5.9] 2079 5] 0.2]2289 19{ 0.8] 2289 0.0
IBananas 1126 0.0] 1036 0.0]1126 0.0] 1117 0.0
IBroccoli 679] 11| 1.6] 635 0.0|634 0.0] 679 0.0
Cantaloupe 1234 13] 1.1] 980 1| 0.1|1234 4] 0.3] 1234 0.0
Carrots 1888 0.0] 1639| 24| 1.5{1887 68| 3.6/ 1865 1] 0.1
Celery 176 0.0] 143 0.0]176 8| 45| 176 0.0
Corn Syrup 430 0.0] 430 0.0/454 0.0] 454 0.0
Cucumbers 730 5] 0.7 551 0.0[730 3] 0.4] 730 0.0
Grape Juice 1379 71 0.5 1114 2| 0.2{1378 0.0] 1379 4] 0.3
Grapes 1883| 300|15.9] 1746 16| 0.9]/1884 29| 1.5 1884 0.0
Green Beans | 1178| 75| 6.4] 1038 0.0]1178 5] 0.4] 1178 0.0
Green Beans, 854 7] 0.8] 730 0.0]854 0.0] 854 0.0
Green Beans, 743 27| 3.6] 639 0.0]743 11| 1.5] 743 0.0
|Lettuce 876] 102|11.6] 840 0.0|876 29| 3.3| 876 3] 0.3
IMilk 1892 0.0] 1364 0.0/1366 0.0] 1892 0.0
Oats, Bran 45 0.0 45 2] 4.4
Oats, Rolled 287 0.0 287| 16| 5.6
Orange Juice | 1392 0.0] 1212 0.0]1392 0.0] 1392 0.0
Oranges 1892 22| 1.2] 1716 1| 0.1|1892 0.0] 1892 0.0
|Peaches 1087 5] 0.5] 976 1| 0.1|1087 65| 6.0] 1087 2| 0.2
[Peaches, 756 1| 0.1] 654 0.0]754 0.0] 756 0.0
[Pears 1779 9| 0.5] 1505 4] 0.3]|1779 39| 2.2] 1779 3] 0.2
[Pears, canned| 371 0.0] 281 0.0[371 2| 0.5] 371 0.0
[Potatoes 1401 1] 0.1] 1377 0.0]1401 0.0] 1401 0.0
Soybean Grain| 749 0.0] 748 0.0[748 8] 1.1 749| 295|39.4
Spinach 1638| 238|14.5| 1385 0.0/1638 40| 2.4] 1639 5[ 0.3
Spinach, 863 0.0] 749| 12| 1.6{863 0.0] 863 0.0
Spinach, 715 b51] 7.1] 715 1] 0.1]715 8| 1.1 715] 14| 2.0
Strawberries 1250 0.0f 1250 0.0{1250 16] 1.3] 1250| 165|13.2
Strawberries, 118 0.0] 118 0.0]118 0.0] 118] 26]22.0
Sweet Bell 702 75]10.7] 716 0.0]716 7] 1.0 701 5] 0.7
Sweet Corn 19 0.0 19 0.0]19 0.0 19 0.0
Sweet Corn, 652 0.0] 652 0.0/652 0.0] 652 0.0
Sweet Corn, 635 0.0] 635 0.0|635 0.0] 635 0.0
Sweet Peas 9 1]11.1 9 0.019 0.0 9 0.0
Sweet Peas, 746 0.0] 746 0.0]746 0.0] 746 0.0
Sweet Peas, 703| 158|22.5] 703 1| 0.1|703 10| 1.4 703 0.0
Sweet 1559 0.0] 1487 0.0]1559 3] 0.2 1559 9] 0.6
Tomatoes 1962 71| 3.6] 1766 0.0]1962 12| 0.6 1962 0.0
[Tomatoes, 368 0.0] 368 0.0/368 1| 0.3] 368 1| 0.3
W Squash 1216 1] 0.1] 1078 5| 0.5]1216 3| 0.2] 1216 0.0
W Squash, 470 0.0] 343 2| 0.6[{470 1| 0.2] 470 0.0
Wheat Grain 1563 0.0] 1563 1] 0.111563 24] 1.5] 156311090]69.7
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Table 4-2 continued

Chemical V Chemical W Chemical X Chemical Y
ICommodity [Analy |Dete % [Analy |Dete % [Analy |Dete [% |Analy |Dete [%
Apple Juice 1344| 333|24.8|1554 0.0] 1554 0.0] 1554 0.0
Apples 2104| 128] 6.1{2289 6| 0.3] 2155 0.0] 2090 43| 2.1
IBananas 1062 0.0/1126 0.0] 972 0.0] 915 0.0
IBroccoli 663 0.0|675 1| 0.1] 512 0.0] 459 0.0
Cantaloupe 973 0.0{1234 0.0 1234 0.0 1234 0.0
Carrots 1662 3] 0.2/1888 0.0] 1699 0.0] 1648 1| 0.1
Celery 176 0.0]176 4] 2.3 77 0.0 53 0.0
Corn Syrup 442 0.0{454 0.0f 392 0.0 454 0.0
Cucumbers 551 0.0{730 1{ 0.1f 730 0.0] 730 1] 0.1
Grape Juice 1114 1] 0.1|1377 0.0] 1379 0.0] 1379 0.0
Grapes 1770 20| 1.1|1884 8| 0.4] 1748 0.0] 1684 0.0
Green Beans | 1059 0.0]1178 0.0] 1050 0.0] 1015 0.0
Green Beans, 730 0.0]854 0.0] 854 0.0] 854 0.0
Green Beans, 639 0.0]743 0.0] 743 0.0] 743 0.0
|Lettuce 876 0.0|876 77| 8.8 734 0.0] 689 0.0
IMilk 692 0.0/692 0.0] 1892 0.0] 690 0.0
Oats, Bran
Oats, Rolled
Orange Juice | 1212 0.0]1392 0.0] 1392 0.0] 1392 0.0
Oranges 1740 0.0/1892 0.0] 1684 0.0] 1585 0.0
|Peaches 990 194]19.6{1087 1| 0.1] 996 0.0] 963 0.0
[Peaches, 654 0.0]756 0.0] 756 0.0] 756 0.0
[Pears 1504| 315|20.9|1779 0.0] 1779 0.0] 1779 0.0
[Pears, canned| 281 0.0[371 0.0 371 0.0 371 0.0
[Potatoes 1401 0.0]1401 0.0 1253 20| 1.6 1201 1| 0.1
Soybean Grain 746 0.0
Spinach 1385 0.0/1638 17| 1.0] 1639 0.0] 1639 0.0
Spinach, 749 0.0/863 0.0] 863 0.0] 863 0.0
Spinach, 715 0.0|715 2| 0.3] 715 0.0] 715 0.0
Strawberries 1250 0.0]1250 0.0] 1250 0.0] 1250 0.0
Strawberries, 118 0.0]118 3| 2.5 118 0.0] 118 0.0
Sweet Bell 716 0.0[701 0.0] 701 0.0] 701 0.0
Sweet Corn 19 0.0]19 0.0 19 0.0 19 0.0
Sweet Corn, 652 0.0/652 0.0] 627 0.0] 627 0.0
Sweet Corn, 635 0.0|635 0.0] 618 0.0] 618 0.0
Sweet Peas 9 0.0]9 0.0 9 0.0 9 0.0
Sweet Peas, 746 0.0[746 0.0] 720 0.0] 720 0.0
Sweet Peas, 703 0.0[703 0.0] 691 0.0] 691 0.0
Sweet 1487| 77| 5.2|1559 0.0] 1559 0.0] 1559 0.0
Tomatoes 1766 1] 0.1]1977 0.0] 1962 0.0] 1969 0.0
Tomatoes, 368 0.0/368 1| 0.3] 368 0.0] 368 0.0
W Squash 1078 0.0|1216 0.0] 1216 0.0] 1216 0.0
W Squash, 343 0.0]470 0.0] 470 0.0] 470 0.0
\Wheat Grain 1563 31 02
end Table 4-2.
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Table 4-3. Processing Factors Used in Cumulative Dietary Exposure Assessment

(ccé?ndfm Commodity Foodform " c o : 3 C'\:emlcc;l 5 = v Tw

5211 |Apples Uncooked 1 1 1 1 1 1 1 1 1 1] 1 il
5212 |Apples Cooked: NFS 1 0.9] 0.05 1 1 0.15 0.7 1 1 01] 1 1
5213 |Apples Baked 1 0.9 1 1 1 0.15 0.7 1 1 11 1 1
5214 |Apples Boiled 1 0.9] 0.05 0.36 1 1 0.7 1 1 01] 1 1
5215|Apples Fried 1 0.9 1 1 1 0.15 0.7 1 1 01] 1 1
5218 |Apples Dried 1 1 1 1 1 1 1 1 1 11 1 1
5231 |Apples Canned: NFS 0 0.2] 0.05 0.36 1 1 1 1 1 01] 1 1
5232 |Apples Canned: Cooked 0 0.2] 0.05 0.36 1 1 0.7 1 1 01] 1 il
5233 |Apples Canned: Baked 0 0.2] 0.05 0.36 1 1 0.7 1 1 01] 1 1
5234 |Apples Canned: Boiled 0 0.2] 0.05 0.36 1 1 0.7 1 1 01] 1 1
5242 |Apples Frozen: Cooked 1 1] 0.05 0.36 1 1 0.7 1 1 01] 1 il
5313 |Apples-dried Baked 8 7.4 8 5.84 8 12 5.6 8 8 0.1] 8 s
5314 |Apples-dried Boiled 8 7.4 0.4 5.84 8 12 5.6 8 8 0.1] 8 s
5318 |Apples-dried Dried 8 8 8 5.84 8 12 8 8 8 0.1] 8 s
5342 |Apples-dried Frozen: Cooked 8 7.4 0.4 5.84 8 12 5.6 8 8 0.1] 8 g
5411 |Apples-juice/cider Uncooked 1 1 1 1 1 1 1 1 1
5412 |Apples-juice/cider Cooked: NFS 1 1 0.05 1 1 1 0.7 1 1
5414 |Apples-juice/cider Boiled 1 1 0.05 1 1 1 0.7 1 1
5431 |Apples-juice/cider Canned: NFS 1 1 0.05 1 1 1 1 1 1
5441 |Apples-juice/cider Frozen: NFS 1 1 1 1 1 1 1 1 1

37712 |Apples-juice-concentrate Cooked: NFS 3 3 0.15 3 3 3 21 3 3

37713 |Apples-juice-concentrate Baked 3 3 3 3 3 3 21 3 3

37731 |Apples-juice-concentrate Canned: NFS 3 3 0.15 3 3 3 3 3 3

37741 |Apples-juice-concentrate Frozen: NFS 3 3 3 3 3 3 3 3 3

23411 |Beans-succulent-green Uncooked 1 1 1 1 1 1 1

23412 |Beans-succulent-green Cooked: NFS 0.64 0.5 0.9] 0.05 1 0.7 1

23414 |Beans-succulent-green Boiled 0.64 0.5 0.9] 0.05 1 0.7 1

23431 |Beans-succulent-green Canned: NFS 1 1 1 1 1 1 1
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Chemical

(ccé?ndfm Commodity Foodform c = : 3 v N =
23432 |Beans-succulent-green Canned: Cooked 1 1 1 1 1
23434 |Beans-succulent-green Canned: Boiled 1 1 1 1 1
23442 |Beans-succulent-green Frozen: Cooked 1 1 1 1 1
23444 |Beans-succulent-green Frozen: Boiled 1 1 1 1 1
23451 |Beans-succulent-green Cured: 0.64 0.5 1 1 1

NFS(smoked/pickled/

23311 |Beans-succulent-lima Uncooked 1 1 1 1 1
23312 |Beans-succulent-lima Cooked: NFS 0.64 0.5 0.9| 0.05 0.7
23314 |Beans-succulent-lima Boiled 0.64 0.5 0.9| 0.05 0.7
23332 |Beans-succulent-lima Canned: Cooked 1 1 1 1 1
23342 |Beans-succulent-lima Frozen: Cooked 1 1 1 1 1
23344 |Beans-succulent-lima Frozen: Boiled 1 1 1 1 1
23534 |Beans-succulent-other Canned: Boiled 1 1 1 1 1
23614 |Beans-succulent-yellow/wax Boiled 0.64 0.5 0.9] 0.05 0.7
23632 |Beans-succulent-yellow/wax Canned: Cooked 1 1 1 1 1
23642 |Beans-succulent-yellow/wax Frozen: Cooked 1 1 1 1 1
16811 |Broccoli Uncooked 1 1
16812 |Broccoli Cooked: NFS 1 0.7
16813 |Broccoli Baked 1 0.7
16814 |Broccoli Boiled 1 0.7
16815 |Broccoli Fried 1 0.7
16832 |Broccoli Canned: Cooked 1 0.7
16842 |Broccoli Frozen: Cooked 1 0.7
16844 |Broccoli Frozen: Boiled 1 0.7
19811 |Carrots Uncooked 1 1 1 1

19812 |Carrots Cooked: NFS 1 1 0.9| 0.05

19813 |Carrots Baked 1 1 0.9 1

19814 |Carrots Boiled 1 1 0.9| 0.05

19831 |Carrots Canned: NFS 1 1 0.2] 0.05
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Chemical

(ccé?ndfﬁ) Commodity Foodform = : 3 v N =

19832 |Carrots Canned: Cooked 1 0.2| 0.05 1

19834 |Carrots Canned: Boiled 1 0.2| 0.05 1

19842 |Carrots Frozen: Cooked 1 1| 0.05 1

19844 |Carrots Frozen: Boiled 1 1| 0.05 1

16611 [Celery Uncooked 1 1

16612 [Celery Cooked: NFS 0.54 0.05

16613 [Celery Baked 0.54 1

16614 [Celery Boiled 0.54 0.05

16615 [Celery Fried 0.54 1

16631 [Celery Canned: NFS 0.54 0.05

16632 [Celery Canned: Cooked 0.54 0.05

16634 [Celery Canned: Boiled 0.54 0.05

16642 |Celery Frozen: Cooked 0.54 0.05

38431 |Celery juice Canned: NFS 1 1

14811 |Cucumbers Uncooked 1 1 1

14834 |Cucumbers Canned: Boiled 1 1 0.7

14860 |Cucumbers Canned: Cured 1 1 1
1311 |Grapes Uncooked 1 1 1 1 1
1312|Grapes Cooked: NFS 1 1 0.05 1 0.7
1331 |Grapes Canned: NFS 1 1 0.05 0.38 1
1341 |Grapes Frozen: NFS 1 1 1 0.86 1
1511 |Grapes-juice Uncooked 1 1
1512 |Grapes-juice Cooked: NFS 1 0.7
1514 |Grapes-juice Boiled 1 0.7
1531 |Grapes-juice Canned: NFS 1 1
1534 |Grapes-juice Canned: Boiled 1 0.7
1541 |Grapes-juice Frozen: NFS 1 1

39212 |Grapes-juice-concentrate Cooked: NFS 3 21

39213 |Grapes-juice-concentrate Baked 3 21
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Chemical

(ccé?ndfm Commodity Foodform e = " 3 v N o . e v Tw
39214 |Grapes-juice-concentrate Boiled 21 3
39231 |Grapes-juice-concentrate Canned: NFS 3 3
39241 |Grapes-juice-concentrate Frozen: NFS 3 3
1411 |Grapes-raisins Uncooked 4.3 43| 43 43 1 43 0.17 4] 43| 0.1 09| 4
1412 |Grapes-raisins Cooked: NFS 4.3 43] 4.3 4.3 0.05 4.3 0.17 3| 43] 01 09] 4
1413|Grapes-raisins Baked 4.3 43| 4.3 43 1 43 0.17 3] 43] 0.1 09| 4
1414 |Grapes-raisins Boiled 4.3 43| 4.3 4.3 0.05 43 0.17 3] 43] 0.1 09| 4
1418|Grapes-raisins Dried 4.3 43| 4.3 43 1 43 0.17 43| 43| 0.1 09| 4
1442 |Grapes-raisins Frozen: Cooked 4.3 43| 4.3 4.3 0.05 4.3 0.17 3] 43] 0.1 09| 4
19211 |Lettuce-head varieties Uncooked 1 1 1 1 1 1
17611 |Lettuce-leafy varieties Uncooked 1 1 1 1 1 1
18231 |Lettuce-unspecified Canned: NFS 1 1 1 1 1 1
14211 |Melons-cantaloupes-pulp Uncooked 1 1 1 1 1 1
26911|Oats Uncooked 1
26912 |0Oats Cooked: NFS 0.36
26913|Oats Baked 0.36
26914 |Oats Boiled 0.03
26915|0Oats Fried 0.36
26931 |Oats Canned: NFS 0.03
39911 |Oats-bran Uncooked 1
39912 |Oats-bran Cooked: NFS 0.36
39913 |Oats-bran Baked 0.36
39914 |Oats-bran Boiled 0.03
39915 |Oats-bran Fried 0.36
3611 |Oranges-juice Uncooked 1
3612 |Oranges-juice Cooked: NFS 1
3631 |Oranges-juice Canned: NFS 1
3641 |Oranges-juice Frozen: NFS 1
3311 |Oranges-juice-concentrate Uncooked 3.72
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(ccé?ndfm Commodity Foodform e = 3 v ~Tol s s s T+ TolvIw
3312 |Oranges-juice-concentrate Cooked: NFS 41 4| 3.72
3313 |Oranges-juice-concentrate Baked 41 4| 3.72
3314 |Oranges-juice-concentrate Boiled 41 4| 3.72
3331 |Oranges-juice-concentrate Canned: NFS 41 4| 3.72
3341 |Oranges-juice-concentrate Frozen: NFS 41 4| 3.72
3342 |Oranges-juice-concentrate Frozen: Cooked 41 4| 3.72
3511 [Oranges-peel Uncooked 1 1] 100| 46 15 46 1 1
3512 |Oranges-peel Cooked: NFS 0.05 1] 100| 46 15 32 1 1
3531 [Oranges-peel Canned: NFS 0.05 1] 100| 46 15 46 1 1
3541 |Oranges-peel Frozen: NFS 1 1] 100| 46 15 46 1 1
3411 |Oranges-peeled fruit Uncooked 1 1 1] 1 1 1 1 1
3412 |Oranges-peeled fruit Cooked: NFS 0.05 1 1] 1 1 0.7 1 1
3431 |Oranges-peeled fruit Canned: NFS 0.05 1 1] 1 1 1 1 1
6511 |Peaches Uncooked 1 1 1 1 1 1 1 1 1 1] 1
6512 |Peaches Cooked: NFS 1 1 0.05 1 1 0.7] 0.1 1 1 o] 1
6513 |Peaches Baked 1 1 1 1 1 0.7 1 1 1 11 1
6514 |Peaches Boiled 1 1 0.05 0.36 1 0.7] 0.1 1 1 o] 1
6531 |Peaches Canned: NFS 1 1 1 1 1 1 1 1 1 1] 1
6541 |Peaches Frozen: NFS 1 1 1 0.36 1 1 1 1 1 1] 1
6614 |Peaches-dried Boiled 7 7 0.35 7 7 49| 04 7 7 o] 7
6618 |Peaches-dried Dried 7 7 7 7 7 7 7 7 7 o] 7
40211 |Peaches-juice Uncooked 1 1 1 0.81 0.3 1 1 1 1 o] 1
40231 |Peaches-juice Canned: NFS 1 1 0.05 0.81 0.3 1] 01 1 1 o] 1
5611|Pears Uncooked 1 1 1 1 1 1 1 1 1 1 1
5612 |Pears Cooked: NFS 1 1 0.05 1 1] 0.15 1 1 1 11 0.1
5613 |Pears Baked 1 1 1 1 1] 0.15 1 1 1 1 1
5614 |Pears Boiled 1 1 0.05 1 1] 0.15 1 1 1 11 0.1
5631 |Pears Canned: NFS 1 1 0.05 0.36 1] 0.15 1 1 1 1] 0.1
5713 |Pears-dried Baked 6.3] 6.3 6.25 5.8 1] 0.94 6.3] 6.3] 6.3] 6.3] 0.1
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(ccé?ndfm Commodity Foodform e = 3 v N o cTsT-Tolv
5714 |Pears-dried Boiled 6.3] 6.3 0.313 5.8 0.94 6.3] 6.3] 6.3] 6.3] 0.1
5718 |Pears-dried Dried 6.3] 6.3 6.25 1 0.94 6.3] 6.3] 6.3] 6.3] 0.1

40411 |Pears-juice Uncooked 1 1 1 1 1 1 1 1 1] o1

40412 |Pears-juice Cooked: NFS 1 1 0.05 1 1 1 1 1 11 0.1

40413 |Pears-juice Baked 1 1 1 1 1 1 1 1 1] o1

40431 |Pears-juice Canned: NFS 1 1 0.05 1 1 1 1 1 1] o1

40433 |Pears-juice Canned: Baked 1 1 0.05 1 1 1 1 1 1] o1

40441 |Pears-juice Frozen: NFS 1 1 1 1 1 1 1 1 1] o1

40442 |Pears-juice Frozen: Cooked 1 1 0.05 1 1 1 1 1 1] o1

24111 |Peas (garden)-green Uncooked 1 1 1 1 1 1

24112 |Peas (garden)-green Cooked: NFS 0.64 0.05 1 0.7 1 1

24113 |Peas (garden)-green Baked 0.64 1 1 0.7 1 1

24114 |Peas (garden)-green Boiled 0.64 0.05 1 0.7 1 1

24115 |Peas (garden)-green Fried 0.64 1 1 0.7 1 1

24131 |Peas (garden)-green Canned: NFS 1 1 1 1 1 1

24132 |Peas (garden)-green Canned: Cooked 1 1 1 1 1 1

24134 |Peas (garden)-green Canned: Boiled 1 1 1 1 1 1

24142 |Peas (garden)-green Frozen: Cooked 1 1 1 1 1 1

24144 |Peas (garden)-green Frozen: Boiled 1 1 1 1 1 1

24145 |Peas (garden)-green Frozen: Fried 1 1 1 1 1 1

40512 |Peas- Cooked: NFS 0.64 0.05 1 0.7 1 1
succulent/blackeye/cowpea

40514 |Peas- Boiled 0.64 0.05 1 0.7 1 1
succulent/blackeye/cowpea

40532 |Peas- Canned: Cooked 1 1 1 1 1 1
succulent/blackeye/cowpea

40542 |Peas- Frozen: Cooked 1 1 1 1 1 1
succulent/blackeye/cowpea

15511 |Peppers-sweet(garden) Uncooked 1 1 1 1 1 1 1 1

15512 |Peppers-sweet(garden) Cooked: NFS 0.6 1 0.05 1 1 0.7 1 1

15513 |Peppers-sweet(garden) Baked 0.6 1 0.05 1 1 0.7 1 1
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15514 |Peppers-sweet(garden) Boiled 0.6 1 0.05 1 1 0.7

15531 |Peppers-sweet(garden) Canned: NFS 0.6 1 0.05 1 1 1

15532 |Peppers-sweet(garden) Canned: Cooked 0.6 1 0.05 1 1 0.7

15534 |Peppers-sweet(garden) Canned: Boiled 0.6 1 0.05 1 1 0.7

15542 |Peppers-sweet(garden) Frozen: Cooked 0.6 1 0.05 1 1 0.7

15551 |Peppers-sweet(garden) Cured: 0.6 1 1 1 1 1

NFS(smoked/pickled/

21012 |Potatoes/white-dry Cooked: NFS 6.5 6.5 13 6.5 0.2 12] 7
21014 |Potatoes/white-dry Boiled 6.5 6.5 13 6.5 0.2 12] 7
21015 |Potatoes/white-dry Fried 6.5 6.5 13 6.5 0.2 0.5] 7
21031 |Potatoes/white-dry Canned: NFS 6.5 6.5 1.3 6.5 0.2 12] 7
21034 |Potatoes/white-dry Canned: Boiled 6.5 6.5 13 6.5 0.2 12] 7
21042 |Potatoes/white-dry Frozen: Cooked 6.5 6.5 13 6.5 0.2 12] 7
21113 |Potatoes/white-peel only Baked 1 1 0.9 1 0.6 04| 1
21115 |Potatoes/white-peel only Fried 1 1 0.9 1 0.6 0.5] 1
20912 |Potatoes/white-peeled Cooked: NFS 0.2 1 0.6 1 0.2 03] 1
20913 |Potatoes/white-peeled Baked 0.2 1 0.6 1 0.2 04| 1
20914 |Potatoes/white-peeled Boiled 0.2 1 0.6 1 0.2 0.5] 1
20915 |Potatoes/white-peeled Fried 0.2 1 0.2 1 0.2 0.5] 1
20932 |Potatoes/white-peeled Canned: Cooked 0.2 1 0.6 1 0.2 03] 1
20934 |Potatoes/white-peeled Canned: Boiled 0.2 1 0.6 1 0.2 03] 1
20942 |Potatoes/white-peeled Frozen: Cooked 0.2 1 0.6 1 0.2 03] 1
20943 |Potatoes/white-peeled Frozen: Baked 0.2 1 0.6 1 0.2 04| 1
20945 |Potatoes/white-peeled Frozen: Fried 0.2 1 0.2 1 0.2 0.5] 1
20831 |Potatoes/white-unspecified Canned: NFS 0.2 1 0.6 1 1 1] 1
20711 |Potatoes/white-whole Uncooked 0.2 1 1 1 1 1| 2
20712 |Potatoes/white-whole Cooked: NFS 0.2 1 0.6 1 0.7 1| 3
20713 |Potatoes/white-whole Baked 0.2 1 0.6 1 0.7 05| 4
20714 |Potatoes/white-whole Boiled 0.2 1 0.6 1 0.7 1| §
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20715 |Potatoes/white-whole Fried 10 0.2 1 0.7 0.5
20731 |Potatoes/white-whole Canned: NFS 0.2 0.6 1 1 1
30712 |Soybeans-flour (defatted) Cooked: NFS 1 0.5 1
30713 |Soybeans-flour (defatted) Baked 1 0.5 1
30714 |Soybeans-flour (defatted) Boiled 1 0.5 1
30715 |Soybeans-flour (defatted) Fried 1 0.5 1
30731 |Soybeans-flour (defatted) Canned: NFS 1 0.1 1
30734 |Soybeans-flour (defatted) Canned: Boiled 1 0.1 1
30742 |Soybeans-flour (defatted) Frozen: Cooked 1 0.5 1
30798 |Soybeans-flour (defatted) Refined 1 0.5 1
30512 |Soybeans-flour (full fat) Cooked: NFS 1 0.5 1
30513 |Soybeans-flour (full fat) Baked 1 0.5 1
30514 |Soybeans-flour (full fat) Boiled 1 0.5 1
30534 |Soybeans-flour (full fat) Canned: Boiled 1 0.1 1
30542 |Soybeans-flour (full fat) Frozen: Cooked 1 0.5 1
30612 |Soybeans-flour (low fat) Cooked: NFS 1 0.5 1
30613 |Soybeans-flour (low fat) Baked 1 0.5 1
30615 |Soybeans-flour (low fat) Fried 1 0.5 1
30631 |Soybeans-flour (low fat) Canned: NFS 1 0.1 1
30412 |Soybeans-mature seeds dry Cooked: NFS 1 0.9 1
30413 |Soybeans-mature seeds dry Baked 1 0.9 1
30414 |Soybeans-mature seeds dry Boiled 1 0.9 1
30415 |Soybeans-mature seeds dry Fried 1 0.9 1
30441 |Soybeans-mature seeds dry Frozen: NFS 1 1 1
29798 |Soybeans-oil Refined 1 0.5 0.14
48212 |Soybeans-protein isolate Cooked: NFS 1 0.9 1
48213 |Soybeans-protein isolate Baked 1 0.9 1
48214 |Soybeans-protein isolate Boiled 1 0.9 1
48215 |Soybeans-protein isolate Fried 1 0.9 1

30




Chemical

(ccé?ndfm Commodity Foodform 15 = : 3 v N o = 1o
48231 |Soybeans-protein isolate Canned: NFS 1 0.2 1 1 1
48232 |Soybeans-protein isolate Canned: Cooked 1 0.2 1 1 1
48233 |Soybeans-protein isolate Canned: Baked 1 0.2 1 1 1
48234 |Soybeans-protein isolate Canned: Boiled 1 0.2 1 1 1
48241 |Soybeans-protein isolate Frozen: NFS 1 1 1 1 1
48242 |Soybeans-protein isolate Frozen: Cooked 1 0.9 1 1 1
48251 |Soybeans-protein isolate Cured: 1 1 1 1 1

NFS(smoked/pickled/
25514 |Soybeans-sprouted seeds Boiled 0.3 0.3 0.33 0.3] 0.3
18611 |Spinach Uncooked 1 1 1 1 1 1 1
18612 |Spinach Cooked: NFS 1 09] 0.05 1 0.7 1 1
18614 |Spinach Boiled 1 09] 0.05 1 0.7 1 1
18631 |Spinach Canned: NFS 1 1 1 1 1 1 1
18632 |Spinach Canned: Cooked 1 1 1 1 1 1 1
18634 |Spinach Canned: Boiled 1 1 1 1 1 1 1
18642 |Spinach Frozen: Cooked 1 0.9] 0.05 1 0.7 1 1
18644 |Spinach Frozen: Boiled 1 0.9] 0.05 1 0.7 1 1
15111 |Squash-winter Uncooked 1 1 1 1 1
15112 |Squash-winter Cooked: NFS 0.77 1 1 0.7 1
15113 |Squash-winter Baked 0.77 1 1 0.7 1
15114 |Squash-winter Boiled 0.77 1 1 0.7 1
1711 |Strawberries Uncooked 1 1 1 1
1712 |Strawberries Cooked: NFS 1 1 1 1
1713 |Strawberries Baked 1 1 1 1
1714 |Strawberries Boiled 1 1 1 1
1731 |Strawberries Canned: NFS 1 1 1 1
1734 |Strawberries Canned: Boiled 1 1 1 1
1741 |Strawberries Frozen: NFS 1 1 1 1 1
41611 |Strawberries-juice Uncooked 1 0.3 1 1
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41612 |Strawberries-juice Cooked: NFS 1 0.3 1

41613 |Strawberries-juice Baked 1 0.3 1

41614 |Strawberries-juice Boiled 1 0.3 1

41631 |Strawberries-juice Canned: NFS 1 0.3 1

21812 |Sweet potatoes (incl yams) Cooked: NFS 1 1 0.05 1 1 1 1
21813 |Sweet potatoes (incl yams) Baked 1 1 1 1 1 1 1
21814 |Sweet potatoes (incl yams) Boiled 1 1 0.05 1 1 1 1
21815 |Sweet potatoes (incl yams) Fried 1 1 1 1 1 1 1
21832 |Sweet potatoes (incl yams) Canned: Cooked 1 1 0.05 1 0.15 1 1
21834 |Sweet potatoes (incl yams) Canned: Boiled 1 1 0.05 1 0.15 1 1
16334 [Tomatoes-catsup Canned: Boiled 0.7 25 25 1.6] 0.06 0.02] 25 0.1 1.1] 25| 0.3 25
42312 |[Tomatoes-dried Cooked: NFS 14.3 14 14 13| 0.715 7.45] 14 14.3 10| 14| 14 14
42315 |[Tomatoes-dried Fried 14.3 14 14 13 14.3 7.45] 14 14.3 10| 14| 14 14
16031 |Tomatoes-juice Canned: NFS 0.9 15 15 0.3] 0.003 0.004| 1.5 0.03 0.1] 15] 0.1 15
16032 |Tomatoes-juice Canned: Cooked 0.9 15 15 0.3] 0.003 0.004] 1.5 0.03 0.1] 15| 0.1 15
16034 |Tomatoes-juice Canned: Boiled 0.9 15 15 0.3] 0.003 0.004| 1.5 0.03 0.1] 15] 0.1 15
16042 |Tomatoes-juice Frozen: Cooked 0.9 15 15 0.3] 0.003 0.316] 1.5 0.03 0.1] 15| 0.1 15
16214 |Tomatoes-paste Boiled 5.4 5.4 5.4 1.6] 0.006 0.01] 54 0.1 1.8] 54| 0.6 5.4
16231 |Tomatoes-paste Canned: NFS 0.7 5.4 5.4 1.7] 0.006 1E-04| 54 0.1 2.6] 54| 0.6 5.4
16232 |Tomatoes-paste Canned: Cooked 0.7 5.4 5.4 1.6] 0.006 1E-04] 5.4 0.1 18] 54| 0.6 5.4
16233 |Tomatoes-paste Canned: Baked 0.7 5.4 5.4 1.6] 0.006 1E-04] 5.4 0.1 18] 54| 0.6 5.4
16234 |Tomatoes-paste Canned: Boiled 0.7 5.4 5.4 1.6] 0.006 1E-04] 5.4 0.1 18] 5.4| 0.6 5.4
16242 |Tomatoes-paste Frozen: Cooked 5.4 5.4 5.4 1.6] 0.006 0.007| 5.4 0.1 1.8] 54| 0.6 5.4
16112 |[Tomatoes-puree Cooked: NFS 3.3 3.3 3.3 1.1} 0.006 0.02] 3.3 0.1 11 3.3] 0.7 3.3
16114 |Tomatoes-puree Boiled 3.3 3.3 3.3 1.1} 0.006 0.02] 3.3 0.1 11 3.3] 0.7 3.3
16131 |Tomatoes-puree Canned: NFS 0.7 3.3 3.3 1.2] 0.006 2E-04] 3.3 0.1 15| 3.3] 0.7 3.3
16132 |Tomatoes-puree Canned: Cooked 0.7 3.3 3.3 1.1] 0.006 2E-04| 3.3 0.1 1] 3.3] 0.7 3.3
16133 |Tomatoes-puree Canned: Baked 0.7 3.3 3.3 1.1] 0.006 2E-04| 3.3 0.1 1] 3.3] 0.7 3.3
16134 |Tomatoes-puree Canned: Boiled 0.7 3.3 3.3 1.1] 0.006 2E-04| 3.3 0.1 1] 3.3] 0.7 3.3
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16142 |Tomatoes-puree Frozen: Cooked 3.3 3.3 3.3 1.1] 0.006 0.014] 3.3 0.1 11 3.3] 0.7 3.3
15911 |Tomatoes-whole Uncooked 1 1 1 1 1 1 1 1 1 1 1 1
15912 |Tomatoes-whole Cooked: NFS 1 1 1 0.9] 0.05 1 1 1 0.7 1 1 1
15913 |Tomatoes-whole Baked 1 1 1 0.9 1 1 1 1 0.7 1 1 1
15914 |Tomatoes-whole Boiled 1 1 1 0.9] 0.05 1 1 1 0.7 1 1 1
15915 |Tomatoes-whole Fried 1 1 1 0.9 1 1 1 1 0.7 1 1 1
15931 |Tomatoes-whole Canned: NFS 1 1 1 0.2] 0.05 1 1 1 1 1 1 1
15932 |Tomatoes-whole Canned: Cooked 1 1 1 0.2] 0.05 1 1 1 0.7 1 1 1
15933 |Tomatoes-whole Canned: Baked 1 1 1 0.2] 0.05 1 1 1 0.7 1 1 1
15934 |Tomatoes-whole Canned: Boiled 1 1 1 0.2] 0.05 1 1 1 0.7 1 1 1
15942 |Tomatoes-whole Frozen: Cooked 0.7 1 1 0.9] 0.05 1 1 1 0.7 1 1 1
27811 |Wheat-bran Uncooked 1] 04 1 1 3 4.6 1
27812 |Wheat-bran Cooked: NFS 0.36] 0.3] 0.05 1 3 4.6 1
27813 |Wheat-bran Baked 0.36] 0.3 1 1 3 4.6 1
27911 |Wheat-flour Uncooked 1] 0.1 0.4 1 0.15 0.4 1
27912 |Wheat-flour Cooked: NFS 0.36] 0.1] 0.02 1 0.15 0.4 1
27913 |Wheat-flour Baked 0.36] 0.1 0.4 1 0.15 0.4 1
27914 |Wheat-flour Boiled 0.03|] 0.1] 0.02 1 0.03 0.4 1
27915 |Wheat-flour Fried 0.36] 0.1 0.4 1 0.15 0.4 1
27931 |Wheat-flour Canned: NFS 0.03 0| 0.02 1 0.15 0.4 1
27932 |Wheat-flour Canned: Cooked 0.03 0| 0.02 1 0.15 0.4 1
27933 |Wheat-flour Canned: Baked 0.03 0| 0.02 1 0.15 0.4 1
27934 |Wheat-flour Canned: Boiled 0.03 0] 0.02 1 0.03 0.4 1
27941 |Wheat-flour Frozen: NFS 0.36] 0.1 0.4 1 0.15 0.4 1
27942 |Wheat-flour Frozen: Cooked 0.36] 0.1] 0.02 1 0.15 0.4 1
27943 |Wheat-flour Frozen: Baked 0.36] 0.1 0.4 1 0.15 0.4 1
27945 |Wheat-flour Frozen: Fried 0.36] 0.1 0.4 1 0.15 0.4 1
27952 |Wheat-flour Cured: Cooked(smokd/ 0.36] 0.1 0.4 1 0.15 0.4 1
27712 |Wheat-germ Cooked: NFS 0.36] 0.4] 0.01 1 2.7 1 1
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Code

Chemical

(com+ff) Commodity Foodform = " : 3 v N o
27713 |Wheat-germ Baked 0.36] 0.4 2 2.7
27714 |Wheat-germ Boiled 0.03] 0.4 0.1 0.03
27611 |Wheat-rough Uncooked 0.84 1 1 0.86
27612 |Wheat-rough Cooked: NFS 0.36] 0.9] 0.05 0.86
27613 |Wheat-rough Baked 0.36] 0.9 1 0.86
27614 |Wheat-rough Boiled 0.03] 0.9] 0.05 0.86
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Table 4-4. Co-Occurrence of Organophosphorus Pesticides on PDP Samples, 1994-1996

ICommodity Samples % Samples w/one [Number of Samples with indicated Detects per Sample
Analyzed or more OPs 0 1 2 3 4 5|>5 total

|Apple Juice 1554 28.1 1117 405 28 4 0 0 0 437
Apples 2289 43.6 1290 506 419 67 7 0 0 999]
Bananas 1126 0.0 1126 0 0 0 0 0 0 Ol
Broccoli 679 3.7 654 24 1 0 0 0 0 2
Cantaloupe 1234 9.3 1119 105 10 0 0 0 0 11
Ccarrots 1888 6.1 1772 101 14 1 0 0 0 11
Corn Syrup 454 0.0 454 (0] (0] (0] (0] (0] (0] Q
Celery 176 52.3 84 51 39 2 0 0 0 92
Cucumbers 730 15.2 619 102 8 1 0 0 0 111
Grape Juice 1379 15 1358 20 1 0 0 0 0 21
Grapes 1884 24.3 1427 329 120 7 1 0 0 457
Green Beans 1178 26.7 863 84 194 35 2 0 0 31
Green Beans, canned 854 44 .3 476 36 336 6 0 0 0 37
Green Beans, frozen 743 45.1 408 51 208 73 3 0 0 33
Lettuce 876 315 600 186 72 18 0 0 0 27
Milk 1892 0.1 1891 1 0 0 0 0 0 1
I0ats, Bran 45 4.4 43 1 1 0 0 0 0 2
loats. Rolled 287 56 271 16 0 0 0 0 0 16
|Oranae Juice 1392 10.6 1245 138 9 0 0 0 0 147
|Oran0es 1892 14.4 1619 252 20 1 0 0 0 273I
Peaches 1087 66.2 367 492 188 37 3 0 0 720
Peaches, canned 756 1.3 746 8 2 0 0 0 0 10|
Pears 1779 56.2 780 721 244 28 5 1 0 999I
Pears, canned 371 0.5 369 2 0 0 0 0 0 2
Potatoes 1401 31 1358 40 3 0 0 0 0 43)
Sovbean Grain 749 55.0 337 337 74 1 0 0 0 412
Spinach 1639 23.2 1259 301 56 14 8 1 0 3801
Spinach, canned 863 2.0 846 17 0 0 0 0 0 17
Spinach, frozen 715 16.1 600 102 13 0 0 0 0 115]
Strawberries 1250 171 1036 201 12 1 0 0 0 214
Strawberries, frozen 118 24.6 89 25 4 0 0 0 0 291
Sweet Bell Peppers 716 44 8 395 72 179 B4 13 3 0 ’2?1'
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ICommodity Samples % Samples w/one [Number of Samples with indicated Detects per Sample
Analyzed or more OPs 0 1 2 3 4 5|>5 total

Sweet Corn 19 0.0 19 0 0 0 0 0 0 ol
Sweet Corn, canned 652 0.0 652 0 0 0 0 0 0 Ol
Sweet Corn, frozen 635 0.0 635 0 0 0 0 0 0 Ol
Sweet Peas 9 11.1 8 1 0 0 0 0 0 1
Sweet Peas, canned 746 0.0 746 0 0 0 0 0 0 ol
Sweet Peas, frozen 703 24.8 529 165 9 0 0 0 0 174
Sweet Potatoes 1559 16.2 1307 241 10 1 0 0 0 252
Tomatoes 1977 37.7 1231 571 149 25 1 0 0 74
Tomatoes, canned 368 17.7 303 59 6 0 0 0 0 6%
W Squash 1216 4.1 1166 38 12 0 0 0 0 50
W Squash, frozen 470 2.6 458 9 2 1 0 0 0 12
\\/heat Grain 15673 6390 5R4 102 6819 177 11 0 0 (efeTe]
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Table 4-5 Permissible Crop Translations for Pesticide Monitoring Data'
Commodity Commoadity translated to... Comments
Analyzed
Potato Subgroup 1-C
Carrot Subgroup 1-A or 1-C

Head Lettuce

Cabbage, Chinese cabbage napa
(tight headed varieties), Brussels
sprouts, radicchio

All have a head morphology best represented by
lettuce. All are in Subgroup 5-A except radicchio (4-
A).

Cantaloupe or
Winter squash

Subgroup 9-A and pumpkin

Broccoli Cauliflower, Chinese broccoli, Broccoli better represents these heading, thickly
Chinese cabbage bok choy, Chinese stemmed and/or more branching cole crops than
mustard, kohlrabi spinach does.

Spinach Subgroup 4-A, Subgroup 5-B and Celery and fennel typically are excluded since
Subgroup 4-B (except celery and residues may be higher in these crops due to the
fennel unless a strong case can be whorled, overlapping petioles which may retain spray
made) residues.

Green Bean Subgroups 6-A and 6-B

Soybean Subgroup 6-C

Tomato or bell Group 8 All are fruiting vegetables?.

pepper

Cucumber Subgroup 9-B All are cucurbit vegetables; residues in melon and

pumpkin expected to be lower because of removal of
rind

Orange

Group 10

Fruit will be peeled before analysis by PDP.

Apple or Pear

Group 11

All are pome fruits.

Peach Group 12, except cherries (sweet and | All are stone fruits.
tart)

Grape Kiwifruit Based on similar cultural practices.

Wheat Group 15, except corn, rice, or wild All are small grain crops or closely related thereto
rice

Milk Meat Metabolism study must indicate that residues in meat,

fat, and meat-by-products will likely be equal to or
lower than residues in milk. If dermal use is allowed
on beef cattle, then it must be permitted and used on
dairy cattle as well.

and peppers.

! The reviewer should take special note of the requirement that the use scenarios be similar among translatable

commodities. The mode of application (e.g., foliar, preplant) should be the same. The label application rates and
preharvest intervals should be similar. The percent of crop treated also should be similar (or lower for the crop in the
“translated to” column). All residues of concern should be measured or accounted for including conjugates.
Tolerances and field trial residues are to be similar, as well. The reviewer should also check with the Biological and
Economic Analysis Division (BEAD) to insure that use scenarios are similar, and that agricultural practices do not
differ substantially:

2 The reviewer should be careful in checking for comparable residue levels because of weight differences in tomatoes
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Table 4-6. Summary of Probabilistic Analysis of Distribution of the Cumulative
Dietary Exposures In Two Populations from Use of 24 Organophosphorus
Chemicals on Food Crops with Non-Detectable Residues = 0

95" Percentile 99" Percentile 99.9" Percentile

Exposure MOE Exposure MOE Exposure MOE

(mg/kg body (mg/kg body (mg/kg body

wt/day) wt/day) wt/day)
Children (1-3 0.000130 1347 0.000342 510 0.001057 165
years) [153] [58] [19]
Adults (18 yrs +) | 0.000048 3629 0.000135 1294 0.000412 424

[412] [147] [48]

1. MOEs based on ED10 [NOAEL] of Chemical T (0.175 mg/kg body wt/day [0.02 mg/kg body
wt/day])

Table 4-7. Summary of Probabilistic Analysis of Distribution of the Cumulative
Dietary Exposures In Two Populations from Use of 24 Organophosphorus
Chemicals on Food Crops with Non-Detectable Residues =% LOD of the
Predominant Chemical for Each Commodity

95" Percentile 99" Percentile 99.9" Percentile
Exposure MOE Exposure MOE Exposure MOE
(mg/kg body (mg/kg body (mg/kg body
wt/day) wt/day) wt/day)
Children (1-3 years) || 0.000143 1219 0.000355 492 0.001069 163
[139] [56] [19]
Adults (18 yrs +) 0.000051 3411 0.000138 1264 0.000416 420
[388] [144] [48]

1. MOEs based on ED10 [NOAEL] of Chemical T (0.175 mg/kg body-wt/day [0.02 mg/kg body
wt/day]).
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V. Cumulative Risk from Pesticides Used in a Residential Setting

Prior to the passage of FQPA, non-dietary risk assessments were conducted under the
auspices of FIFRA. As a result, the emphasis of non-dietary assessment in OPP was
on occupational exposure to workers encountering pesticides on the job. The passage
of FQPA placed increased emphasis on the residential exposure from pesticide uses in
and around the home and required OPP to refocus its efforts on understanding
household exposures to pesticides. As a result, OPP has worked to adapt existing data
and techniques to permit a reasonable estimation of residential risk while developing
new approaches and identifying data needs to improve the exposure assessment
process for estimating risks from home and garden-type pesticides. One result of this
effort was the development of screening level tools such as the Standard Operating
Procedures for Residential Exposure Assessment (12/97) (SOPs), which were an
attempt to standardize exposure calculations for residential exposures. Such
procedures were not originally intended for use in aggregate or cumulative exposures.

Because of the need to provide appropriate risk estimates for inclusion in aggregate
and cumulative risk assessments, proposed refinements to these initial SOPs were
developed and outlined in the Overview of Issues Related to the Standard Operating
Procedures for Residential Exposure Assessment (8/99). This document was
presented to the Scientific Advisory Panel on September 21, 1999. The revised SOPs
serve as a starting point for scenario development, with data from the literature and
registrant submissions serving as initial surrogates for developing risk estimates in the
absence of chemical-specific data. In those cases where better data are available,
particularly data in the form of distributions, those more refined data may be
substituted for the base-line defaults in the SOPs to improve the accuracy of the
assessment. These documents along with proprietary data and other published data
will be used to develop the approaches which were used in this cumulative case study.

A. Calendex Aggregate/Cumulative Software

With the FQPA requirement that aggregate exposures and cumulative risks be
evaluated and the development of SOPs more amenable to application to
probabilistic assessments, OPP has begun to use the software program
Calendex from Novigen Sciences. Calendex was previously presented to the
SAP in September 2000 and is a proprietary software program that permits
estimation of exposure to single or multiple compounds for a wide variety of time
periods. It is designed to allow the user to combine (i.e., aggregate and
cumulate) exposure to pesticides in a probabilistic manner that incorporates
information relating to both the temporal and spatial aspects of exposure.

The Calendex program is based on a general exposure model of the form

Contact x Residue = Exposure
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For example, for a dermal exposure calculation, the contact might be expressed
in cm?hour and residue might be expressed in mg pesticide/cm? of surface
contacted. The product of these would be an exposure estimate expressed in
mg/hr. The Calendex program requires the user to enter formulae (in a
spreadsheet-style format) based on the above general exposure model, which
produce numerical estimates of exposure, effectively building the exposure
scenarios from a variety of information sources. Importantly, the input
parameters can be expressed as point estimates, distributional estimates, or a
combination of both. In addition, inputs for the residue component of the general
equation can consist of a time series of residue concentrations (e.g., Application
Day residues, Day 1 residues, Day 2 residues, etc), which will be considered_as
a time series by the Calendex software. Currently, the Calendex model can
accommodate 25 scenario-specific data files. This example case-study
assessment uses 22.

In the current case study, the estimated exposures to each pesticide were
converted to Chemical T equivalents using route specific RPFs (Table 4-1).
Exposures were compared to route specific PoDs to develop the resulting route
specific and total MOEs. PoDs for this assessment were taken from the data set
for Chemical T and reflect plasma cholinesterase inhibition in male rats: oral
ED10 = 0.175 mg/kg body wt/day or NOAEL = 0.02 mg/kg body wt/day; dermal
NOAEL = 1 mg/kg body wt/day; inhalation NOAEL = 0.026 mg/kg body wt/day.

B. Development of Residential Aspects of Case Study Example

In developing this case study, the residential exposure component of Calendex
was used to evaluate predicted exposures from residential uses. The data
inputs to the residential exposure assessment come from a variety of sources
including the published, peer reviewed literature and proprietary data submitted
to the Agency to support registration and re-registration of pesticides. The use
of data is consistent with OPP's current risk assessment policy for single
chemical assessments. The purpose of this case study is to explore approaches
which may be common to all scenarios, identify strengths and weaknesses of
those approaches, and to help identify the types of data needed to refine future
cumulative assessments. The case study should not be considered as an
indication of any Agency findings with respect to the pesticides examined or of
any future actions by OPP. This assessment is limited to the home as are most
current single chemical assessments. Additional work is needed to account for
an individual’'s time spent in areas outside of the home (e.g., schools, workplace,
etc.).

As stated earlier, the geographic region associated with the estimates presented
in this case study is the Piedmont region of North Carolina and was assumed to
apply to the Mid-Atlantic region (VA, NC, SC) for which this case study is
presented. The residential component of the case study will incorporate dermal,
inhalation, and non-dietary ingestion exposure routes which result from
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applications made to residential lawns (dermal and non-dietary ingestion),
indoor crack and crevice sprays (inhalation) and exposure from self-applied
treatments to shrubs (dermal and inhalation). These scenarios were selected
because these uses are common among the compounds selected for this
exercise, and because there are data available for assessing potential
exposures. This approach also allows the inclusion of both indoor and outdoor
uses and exploration of seasonal changes in exposure levels. Not all of the
seven compounds have registered uses on turf. Therefore, a shrub use was
selected to include the two pesticides that did not have turf grass use patterns.
OPP recognizes that there are several other exposure scenarios that have not
been addressed for this example and that will be included in future cumulative
exposure assessments.

A number of application scenarios for each of the seven OP pesticides are
modeled. In many of the cases (described below), surrogate data were critical to
developing the OP cumulative case study. For example, some of the surrogate
data is obtained from PHED (Pesticide Handler Exposure Database), an OPP
database which links unit exposure to a pesticide (in mg/lb a.i. handled) to the
type of application which is performed (e.g., application of granular formulations
by hand, liquid concentrate application by low pressure handwand, etc.). The
PHED database takes advantage of the fact that, for many pesticides, the
physical parameters of pesticide application methods and formulations have a
greater impact on potential human exposure than the characteristics of the
chemical itself. PHED extrapolates likely exposures to pesticide formulations
from existing data on other, similar formulations with similar application
practices. This approach has a long history of use in the evaluation of
agricultural chemicals and has been extended to the arena of home use
products. Exposure values from PHED are normalized by mg per pound of
pesticide active ingredient (a.i.) handled during the mixing, loading, or
application activity. Unit exposures are available for the dermal and inhalation
routes. OPP anticipates that these types of data will be important components of
future cumulative assessments developed for regulatory purposes. The use
scenarios reflected in the case study are broken out below with the types and
sources of surrogate data used for each described. Similar data generated by
the Outdoor Residential Exposure Task Force (ORETF) were used to estimate
exposures while applying pesticides using hose-end sprayers and granular
spreaders.

C. Application Scenarios
A major portion of the data inputs into the model estimate for residential
exposure is specific to the characteristics of the applications scenarios, but

common across all chemicals used within that scenario. These scenario-specific
issues are discussed below.
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1. Applicator Exposure to Consumer Applied Pesticide
Treatments

Granular Dispersal by Hand - The data used in this assessment are
based on values from PHED. It reflects the results from volunteers
applying granular bait formulations by hand around driveways in
residential settings. There are 16 replicates in this surrogate data set, but
the hand values were collected based on individuals wearing protective
gloves., hand exposure was estimated for bare hands using residues
measured on the hands beneath the gloves by assuming a 90%
protection factor afforded by gloves.

Low Pressure Handwands - The dermal unit exposure value for low
pressure hand-wands represents individuals spraying mid-level shrubs
and ornamentals on greenhouse benches. These data were obtained
from PHED. Exposure values from these data sources are normalized by
mg per pound of pesticide active ingredient (a.i.) handled during the
mixing, loading, or applying activity. Unit exposures are available for the
dermal and inhalation routes. In PHED, there are 70 replicates for the
hands and 8 to 90 replicates for other parts of the body. The dermal data
represent an individual wearing short pants, a short sleeved shirt, and
shoes. Hand exposure represents ~99% of the total dermal exposure.

Granular Formulations Using Push-Type Rotary Spreaders - Data
from the Outdoor Residential Exposure Task Force (ORETF) was used to
represent exposure while applying pesticides in granular forms to lawns
using a push-type rotary spreader. These application systems represent
the most likely methods of applying pesticides to turf grass by consumers.
The granular study consists of 30 volunteers applying 50 pounds of
product to treat 10,000 square feet of turf grass. Volunteers participating
in these exposure studies were adult non-professionals that use
pesticides on their own lawns and gardens. Many of the volunteers
selected as subjects in these studies are members of garden clubs. For
reasons of simplicity for this case study example only, the data from this
study were used to develop a uniform distribution of measured exposures
bounded by the high and low values. In the future, OPP would anticipate
using distribution fitting techniques to better approximate actual exposure
distributions.

Spray Formulations Using Garden Hose-end Sprayers - For the hose-
end uses in this case study, a PHED study involving 30 volunteers
applying pesticides using a hose-end sprayer that required pouring the
pesticide into the hose-end device was used. These same volunteers
also used a hose-end device that was “pre-loaded” with pesticide. This
product is referred to as “ready to use”. For reasons of simplicity for this
case study example only, the data from this study were used to develop a

42



uniform distribution of measured exposures bounded by the high and low
values. In the future, OPP would anticipate using distribution fitting
techniques to better approximate actual exposure distributions.

2. Post Application Exposure to Consumer Applied Pesticide
Treatments or Treatments Made by Professional Lawn Care
Operators (LCOs)

Dermal Exposure to Residues on Lawns - There are three exposure
studies used to assess post application dermal exposure to children
reentering treated lawns. These studies represent dermal exposure
values of young children exposed to a nontoxic substance performing
unscripted activities and exposure values of adults exposed to pesticides
while performing structured activities designed to mimic the activities of
young children.

In the first study, children performed unscripted activities on turf grass
treated with a non-toxic substance used as a whitening agent in fabrics
and a set of transfer coefficients were derived (Black 1993). The
subjects of the study were 14 children aged 4 to 9 years old. The children
performing the unstructured activities were provided toys and observed in
the treated area for a period of one half hour. Recorded activities were
classified as follows: upright (standing, walking, jumping and running);
sitting (straight-up, cross legged, kneeling, crouching and crawling); and
lying (prone or supine). In this study, dermal exposure was measured by
fluorescent measurement technology described in Fenske et al. (1986).
Measurements of various body parts were expressed as pg/body part
(e.g., concentration on hand or face (ug/cm?)). These concentrations
were normalized to represent the surface area of children 3 to 4 years of
age for use with a standardized body weight of 15 kg. Standard surface
area values were taken from the Agency’s Exposure Factors Handbook.
Turf transferable residue (TTR) measurements from Black (1993) were
not adjusted since the wipe method used by the investigator had a similar
transfer efficiency as the methods used in the proprietary TTR data.

In the second set of studies, adults performed structured activities of
picnicking, sunbathing, weeding, playing frisbee and touch football for a
period of four hours. These proprietary studies were performed by
volunteers exposed to lawns treated with granular and liquid formulations
of a pesticide and reported in the literature as Vaccaro et al. (1996) The
Use of Unique Study Design to Estimate Exposure of Adults and Children
to Surface and Airborne Chemicals. In these structured activity studies,
dermal exposure values and/or internal doses were obtained via
biological monitoring of urinary metabolites of pesticides.
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These studies were used to assess adult post application exposure to
lawn chemicals and (following appropriate scaling for body weights)
children’s post application exposure to lawn chemicals. Internal doses
were estimated assuming specific dermal absorption values and standard
body surface areas and were normalized as hourly exposures (ug/hr).
The hourly exposures were used to develop transfer coefficients (TCs) as
per the following formula:

Transfer Coefficient (cm?hr) = hourly dermal exposure (ug/hr) + TTR (pug/cm?)

TTRs were estimated based on the application rates used in the studies
and transfer efficiency rates commensurate with the residue collection
methodology observed in the chemical specific TTR dissipation studies
used in this case study. The TC s were adjusted to the surface area of a
3-4 year old child based on values in EPA’s Exposure Factors Handbook.
For a more detailed discussion of transfer coefficients and TTRs please
refer to the Overview of Issues Related to the Standard Operating
Procedures for Residential Exposure Assessment presented to the FIFRA
Scientific Advisory Panel on September 21, 1999. It should be noted that
TC s based on the choreographed activity Jazzercise™ are not being
used in this assessment. The Agency believes Jazzercise™ is a
valuable tool for assessing single route exposures in screening level
assessments but of limited value for addressing more realistic exposures
useful in aggregate and cumulative assessments.

Both the Black and Vaccaro data were combined and, for purposes of this
case study example, a uniform distribution of TTR developed (bounded
by the high and low TTR estimates obtained from the Black and Vaccaro
data). A uniform distribution was selected, in part, due to the uncertainty
of the types of activities that may be representative of exposure
experienced by the general population after a lawn treatment. In the
future, OPP anticipates using more formal distribution fitting techniques.

Non-dietary Exposure Through Hand-to-mouth Behavior - Surrogate
data to evaluate non-dietary ingestion through hand-to-mouth behavior in
young children consists of observations reported in Reed et al. (1998).
This study addressed mouthing behavior and other observations of
children, ages 3-6 at day care (n=20) and children ages 2-5 at home
(n=10). The frequencies of the hand-to-mouth events reported were a
mean of 9.5 events per hour, a 90" percentile of 20 events per hour and
a range of 0 to 70 events per hour. The children were video taped and
the frequency of hand-to-mouth events was enumerated after the taping.
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The observations reported by Reed are based on children in real world
settings. However, they provide little information regarding the
characterization of the hand-to-mouth event, residue transfer efficiency or
extraction efficiency by saliva during the mouthing event. For these
values, additional assumptions and studies are discussed as follows:

. Based on previous interactions with the SAP, each hand-to-mouth
event equals 1 to 3 fingers (6.7 - 20 cm?) per event. To account for
the fact that a child may touch nothing between successive events,
and the fact that the event may not result in insertion of fingers at
all (Kissel et al., 1998), a range of 0 to 20 cm? per event was
assigned. These distributions were entered into Calendex as
uniform distributions.

. Hands wet from saliva are reportedly more efficient at residue
transfer than dry hands. A range of transfer efficiencies of 0.1 to
5% was used for this variable based on a study evaluating the
transfer efficiency of three pesticides by saliva wetted palms
(Clothier 1999). This range was entered into Calendex as a
uniform distribution.

. Studies of the removal of residues on hands by saliva and other
substances (e.g., ethanol) suggests a range of removal
efficiencies from 10% to 50% (Geno et al., 1995; Fenske and Lu
1994; Wester and Maibach 1989; Kissel et al., 1998). This range
was entered into Calendex as a uniform distribution.

The contribution to total exposure via non-dietary ingestion continues to
be difficult to quantify. This includes the variables discussed above as
well as issues regarding the utility of using children’s frequencies based
on indoor activities for outdoor exposure scenarios and the limited data
on very young children (e.g., under 2 years). Limited data evaluated by
Groot et al. (1998) suggest longer durations of mouthing activities for
children aged 6 to 12 months (exceeding 160 minutes per day) than
children 18 to 36 months (up to 30 minutes per day) There are also
issues regarding the frequency of mouthing events based on active or
quiet play. The incorporation of object to mouth activity also needs to be
addressed and will be explored in future assessments. However,
modeling this behavior has the same problems as the hand-to-mouth
behavior model. More research is needed is evaluating the distribution of
behaviors across different age ranges with a view towards the influence of
factors such as socio-economic status.
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D. Other Data and Assumptions

A variety of additional ancillary data was required for this assessment. An
overview of these data is detailed below.

Turf Residue Dissipation Data - The fate of pesticides applied to turf is a key
variable for assessing post application exposure. TTR data are available for the
five compounds selected for this case study that have or have had registrations
on residential lawns. These data are based on the highest use rate permitted on
the label. Dissipation data are available for Chemical U, Chemical T, Chemical
C, Chemical B, and Chemical P. Data is either proprietary or available in the
published literature (Goh et al., 1986 and Black 1993).

Indoor Air Concentration Data - Indoor air concentration dat